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PREFACE. 



Fon A reason difticiilt to undeistand, candidates for the Army oi'c not 
expected to possess any information on tliis iinpottant branch of tlieir 
future profession. A trifling knowledge of Fortification was demanded 
of them a few years ago ; but, strange to say, one of the first so-called 
improvements introduced into army education, after the Crimean war, 
was llie entire suppression of this subject. However, the competition 
for entrance into tlie Stafl" College, and the qualifications required of 
candidates for Staff* appointments, have kept up the study of the 
science among a certain number of officers of the Line. 

A small sketch of Fortification was pubhslied by me a few weeks 
before the alteration in the subjects of examination was made, but aa 
it was intended merely to give a general, and thei*efore superficial, 
knowledge to young officers, it hecame necessary to prepare a series 
of lectures for those who were reading for tlie Staff. 

Having, more especially, tlie examinations in view, it was essential 
to avoid specuhitions and tlieories not founded on facts, and to compile 
from such sources only as would be likely to prove practically useful. 
This T have attempted to do, ln)ri\pwiug from the following sources : — I 
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CHAPTER 1. 

ARTILLERY. 

SECTION 1. — Various Kinds of ORDNiNcu. 

(1). There are four sorts of ordnance employed in the senrioe: guns, 
carronades, howitzers, and mortars. 

Gwii are ueed to projoct shot or shells horizontally, or at very low angles 

CarronadeA aro used like guns to thi*ow shot ; they are shorter and lighter ; but 
they are almost gone out of tisoj and are employed only where guns cannot 
be had. 

Houitzers are used to project shells at small angles : they have a greater 
diameter of bore in proportion to their weight. 

Mortars are used to project sholls at high angles, generally 45° : tliey are much 
shorter and thicker. 

A piece of ordnance is either of bronze or of cast-iron. 

(2). An ordinary gun is divided into five parts: tlie cascable, or portion 
between the base ring b, and the extremity a ; the/w( reinforce from b to o ; the 
s«c4>nd reinforce from c to D ; tho chaie, or portion between the ring D, and the 
neck moulding B; tho muzzle from e to n. 

Fio. I. 
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Tlio bore ia the cyliiulricAl cavity through which the shot is discharged : ita 
diameter is called calibre. 

The axif 19 tho imaginary line that joins tho centres of the base ring aiid of 
the muzEle. 

Tho diapari is half tlie difference d d' between tho diameter of the base ring 
and tlint of the muzzle. 

The breech is the part h V. 

The trunnion* arc tho projecting arms by vhloh the gan is sccnred to its 
carriage : their length and titeir diameter are each equal to one calibre : their axis 
is per[>enfljcular to that of the gnn, and a little bcluw it. 

The chancer is a c-avity at tlie bottom of tlie I>ore, in which the charge is placed 
to increase ifct efiecL SlieU guns, liowitzers, and mortars, have chambers. There 
are two kinds of chambers, the cylindrical for small charges (obsolete), and the 
conical or gomor for larger ones. 

The windage is the diilerencc between the diameter of tlie bore aud tliat of \\» 
projectile. It varies in tlie onbiance from "025 to '233 of an inch. It diiuiiiishos 
tho eflcct of the charge, causes injury to tho gnn by the rcbonnds of the projeetile 
in the bore, and destroys the accuracy of fii*o ; but it is necessary to injxkf allow- 
ance for tlie foulness of the gun while firing, for the increase of tho bulk of the 
prujeclilei heated or rusted, or for their irregular sha^te. 

The preponderance is the excess of tho weight of tlie part of the giui which is 
bdlilKl abovo the weight of tlio |Kirt tlisit is b^foro the trunnions. It keeps the 
gun steady un its carriage, but il should bo f>mall to facilitate tho working. 
(3). (juns are of two kinds : shot guns and shell giuis. 

Stot ffun9 are distinguished by the weight of their shot ; and when there are 
BM'eral of tlio same kind, they are divided into heavy, nie^lium, and light, or into 
long aud uhuri. 'Iliere are now in the service two kinds of 68 |)Ounders, 
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of fi^pouDilers; tiiroe of 42--|}ounders ; tliirteen of 32-|)oundcrs ; 
Sre of 1 S-pounderH. There are besides sereral sorts of 
and G-poonders. All tliose guns oio of cast-iron, the 
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Honk 32-Pouti>Ier. 



latter (IS-ponndcrs, &c.), obsolete. The brass guns are I2-iK)un(Ier9, 9-poandors, 
G-pounders, and 3-pouuders. 

Fio. -1. 
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(4). ShtUgjtnSy introduced in 1824 by General Millar, rvro distinguiBhcd by the 
diameter of their bore. There are in tlio service two kindti of KKiuch guu&^and 
four kinds of 8-inch guns — all of them of cast-iron, with gomer chambora. 
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(5). CarronadeHy althongh snpplictl to the navy, and occaaionally found in garrisons, 
are obsolete. They have no trunnions, and are attached to the carriage by uieans 
of a loop onder the piece : the musxie is scooped out They Have a chan)l>cr, 
and are short and light in proportion to their weight There are carronades 
68-ponnders, 42-pounderfl, 32-poundors, 24-poundors, 18-poraiders, 12-pounder8, 
9-jiounder5, and 6-pounders. 

Fio. 6. 
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ThofW) pieces, introduced in 1779, were found superior to other ordnance on 
account of their reduced winda^jc ; bnt simre then the reduction that has be«n 
made in windage of guns has destroyed this superiority. 

fi 2 
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(6). HovnUerSf now being snperaeded by ahell gans* wfaow accuracy and range 
are greater, are diortor and lighter tlian guns. Tliey have no dispart, the diameter 
of Uie base ring and the swell of the muzzle bmng equal, or the difference being 
made up by a {>atcli on Llie muzzle. Tlicold huwiizcrs had a cylitidriciU clminbcr; 
the new ones, intro(iuce<i by Millar, are longer, and have a gomer chamber. They 
are distinguished by the diameter of their slielK There are in the service two 
kinds of iron Iiowitzet-s, tJic IQ-inch and 8-inch ; 

Fic. 7. 
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and four kinds of brass oncH, the 32-poundor (shell of a diameter equal to the shot 
of 32-pounder gun) ; the 24-poimder ami I2-jx>under of Millar (shells of 5i and 
4|-uich. as the 24-pounder and 12-pounder shots); 

Fio. 8. 



S<l-pMiD<lar Brut Uowitzer. 

and tJie 4|-inch howitzer. The last ia employed for mountain service with the 
S-jiounder gun. 

(7). Mortars are short hut thick pieces of ordnance, with gomer chambers : tlieir 
tnmnions are at the extremity of the breech. They are distinguished by the 
diameter of their shells. There aro in the service two kinds of 13-inch, and two 
of 10-incb mortars, one of eacli for land and for sea service, and only one kind of 
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8-inch mortar. They aro made of cast-iron. Besides these, there are two kinds 
of bronze mortars, the S^-inch or royal, and the 4vincli or Ceehom. 

(8). As may be wen, there is no lack nf variety in the descriptions of ordnance 
actually in service, there being, in fact, above 80 diHeront kinds of pieces. The 
appellation of a piece, especially of a gim, according to the diameter or the weight I 



FIELD ARTILLERY. 

of its projectile, is very rarely sufficient to single it out ; flie distinction of medium, 
heavy and light, is often made, and the terms short and long also employed. 
Furthonnore, guns are frequently diatin^iisheJ by their weight and the name of 
tlicir maker. The different pieces of onlnam-o may he classed nnder five heads, 
viz.. tliose called ordinari/, which were cast either by Sir W. Congreve or Sir J. 
Blomefield ; those termed " bored up " or " reamed om(," being ordinary guns, -which 
have since 1810 been enlarged in the bore to the next higher calibre; those of 
General Millar, who Iregan (« caat liis gholl guns in lfi24, and to improve on tlio 
old gtms by making them stronger at the breech; tliosc of Mr. il/bni* (1838), 
which are thicker at the breoch, and lighter in the chase, and whose 32-poimder3 
are often distinguiahod by tlie letters A, B, C ; those of Colonel Dundast which 
have a groat tliickncsa at the breech, bat are not so conical as those of Monk. 



SECTION IL— Obganization of Abtillbht. 

Artillery is classiticd into field artillery, including artiUerj' of position ; siege 
artillery ; garrison artillery ; and artillery for coast defences. The three last namerl 
»orts will bo treated in a different part of this work (231,236,352): we shall, 
therefore, at present, allude only to Field Artillorj'. 

(9). Field artillery is organized into batteries ; tliere are horse A. batteries, 
field (foot) A. batteries, A. of position batteries, and mountain A. batteries. 

Instead of distributing tlie ordnance into small dolachments, as was formerly 
done, two pieces being assigned to each battalion, it is now customary to attach one 
or more batteries to each division — generally horse artillery witli the cavalrj-, and 
field batteries with the infantiy. There are, besides, in the resen-e, some batteries of 
horse, field, and position artillery. The number of pieces attached to an army is 
calculated at tlie rate of 2 per 1000 men, and on the continent at the rate of 
3 per 1000 men. 

The force of a battery is generally 6 pieces in England and Franco, 8 in Russia, 
Prussirf, Austria, &c., 4 in Switzerland. They are either excla^ively composed of 
guns or howitzers, us in Russia and Prussia, or formed of guns and howitzers, aa 
in England, France, &c. 

There are in tho service two kinds of horso A batteries : one composed of four 
9-poun(ler gnns, and two 24-ponnder howitzers ; another of four 6-poinjder guns, 
and two 12-pounder howitzers. The number of these batteries is one-si:>:th of 
that of the field batteries. In France, tho proportion is on&-soveutli ; in Russia, 
one-fourth ; in Prussia, three-eiglitlis. 

The field batteries conslftt of four 9-pourider guns, and two 24-pouiHier 
howitzers; or of four 6-i)Oundor guns, and two I2-poundcr howitzci-s. 
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The U-ail of the 



buoks up to a crooked iiintail at tlio bock uf the 



gun-curriHgtt 
Imiber, aiul a fonr-wlieel curriage ih thus formed fit fur travelluig. 

The gun-carria^ is accompanied by an ammunition wagon : tho body of wliicb 
carries two moveable boxes aud a spare wlieu), the Uinbor being tho same aa that 
of tho gnn. 

Evory batter.' also contains a gtore limber wapon, a spare gxm-^arriage, a rocJiei 
carriage^ a store cart, a medicine cart, and a forge teagon ; all of which, tho last 
excepted, have axle-trees and wheels equal in dimensions to those of the gun- 
carriogoH of their battery. There are also tvfo forage carts and tlirce teater earU, 

As motmt;un artillery is gcnurally convoyeil on the back of iiiules^ thore are 
carriages only for the gnns and howitzers. Thoy arc similar to tliose of the other 
gnnH, but have no limber. A pair of shafts for single di'aught c«n bo attached to 
the trail, if wantod, 

(11). Tho gims of position had. formerly a carriage similar to those of siege 
guns ; but a block trail carriage has lately been ijitroduccd for the 18-poandcr 
gun, simitar to, but heavier than, that for field guns. 

As for tho I2-i)ounder gim, and 32-poundor howitzer, tho carriages are h*ke the 
field ones, except that the trail honks up to a straight pintail, and that the limber 
carries three boxes. 

All these carriages have two sets of trunnion holes, one for 6ring, the other for 
travelling. 

(12). Siege carriages are fonned of two brackets connected together by three 
transoms, the length of whicJi varies witli the nature of the giin. They have two 
sets of tnmniou holes. The limber has do box of ammunition, the pintail resting 
on the top of the axlctreo bed. Part of the weight of the brackets is sup^iorted 
by a sweep bar, which also keeps the framework of the limber hurizonljil. 'I'hu 
draught of tlie carriage is not taken hy tlte pintail eye, but by a ehain that 
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connect the axlet^e of the gun nOh that of the hmber. The wheok 



of the 
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c *»,« mjn eo as to bo capable of revorBim, ;_ ^ 
limber are smaller than those of tho gun, w % m a 

*^"»P^<*- . . ^rcarriao-es: the body consists of a pcrot, 

(13> Howit7^r.(8', Iff) havo «tron^r carna ^ p^roh 

tran with t.0 short brackets, ti,e penO, I-^;-^ J, ,,,,, /,^^„ X^^^ 
top of the limber; and there is but one set of trunmoi _, 7^ ' 

under the point, of the bracket., with two trucks of ,ron, FOvenU the pe„J, trou. 



Fio. 13- 



touching the ground, and facilitates the running np of tlie carria|re. Two friction 
levers applied to tho nave of the wheels diminish the recoil. The limber is similar 
to the former. 

(U). Garrison gnns are mounted, but not transported, on "ffarrison standing 
carriage*,'' These are made of wood, and consist of two brackets, connected by 
a transom, two liolts, and two axletrees, and aromonnt^I on four small iron trucks. 
Tho guns am rlevat<?d by a quoin and a sorew. There is no cap-»quar®» because 
the recoil is not great, as in field pieces. 
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The carriage for howitzers is simrlar, but has blocks of wood instead of roar 
tracks, and is further strengthened hy Iron, 

Iron carriagea are also employed in tho colonics. 

(la.) Garrison carriages ai-e raised, so as to fire over a parapet, by means of 
traversing piatfoniis, of which thero are three kinds. The ix>mmon platfonn, 
made of wood, and sometimes of iron, consists of two long side pieces placed upon 
four legs, lia\'ing trucks that run upon a circular racer let into the ground. On 
the top of eacli side piece is a plank for the trucks of tho gun carriage to run upon, 
whilst a riband placed inside botli pieces, prevents the trucks tivm running off. 
Those platforms traverse in &ont, centre or rear, and have a slope of -^ to diminish 
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the recoil. When a garrison carriage is mounted on sucii a platform, the two hind 
tracks ai-e replaced by blocks of wood. The dwarf traversing platform exposes 
tlio guns less tlrnn the above. The ordinary garrison carriage is used with it, but 
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NAVAL CARRIAGE. 



lias blocks inuteod of axlo-irees. In front of each bracket is a brass trucks which 
is of aervico when the rear of the carriage is hoisted ap by the tiuck levers. (98.) 

The casemate platform is low, has no logs in front, traverse« on a racer let into 
the masonr)', and has a carriage as above 

The carriages for the traiis[>ort of heavy ordnance are the sling «rt, aUng 
wcffgon, platforvi vfaggoiXy and trench carL 

(16.) The naral cam'agt^ for heavy onlnanco are distinguished into commmi 
sliip carriage, rear ghock carriage, sliding cairiagc, and jamming carriage. The 
light pieces have carriages similar to those of the field, besides carriages for boat 
service. 

(17.) To complete thia nomenclature, we may add that raortara have no 
carriage: tJioy rest on hed^ of iron as regards the 13, 10 and 8-in., and on beds of 
wood as regards the 5| and 4i in. mortars. A bolt on each side, btitli in front and 
("car, sen'ea to run the mortar, wliich is puluted by means of a q^noin, up or back. 
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(18.) The 7iumlter o/hortfi allowed for the various pieces of ordnance varies; 
in the service, it is found advisablo not to employ more than 12 horses for the 
heaviest ordnance. Thus a 24 or 32-poundcr carriage is drawn by 12 horses; 
an 18-poandor by 12, a 12-poander and a 0-i»oiinder by 8, a 6-poundcr by 6. In 
horse artiUer)', each horse has to draw about 4| cwL, in field batteries 4J^, and 
with hca\'y ordnance, from 5^ to 7 cwt. 

For field carriages, and tliose for light guns of position, double draught is em- 
ployed, the ofT-horse being placed iu the shaft; mountain artillery carriages liave 
sliafts for single draught ; for siege carriages or heavy guus of position, four horses 
are hamesaod abreast, and tliere are two pairs of shafts, one for each of tbo inside 
horses. 



SECTION IV.— Projbctiles. 

The projectiles fired from ordnance are^shots, shells, shrapnels, carcasses, and 
balls. 

The ihotB mar bo cUased into round shot (solid or hollow), grape, and ooiutuun 
case or mnwlcr. 

(19.) N4*<f Md ftn- ijiborMof cast boa, and are fii-ed from ull guns except 
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shell gtuis. Those for field guns have wooden sabots. Hollow ghot, are hollow 
spheres of cast iron Hred irom shell giuis^ and aro chiefly used for naval scrrico. 
Thoir diameter is great in comparison with their weight ; and their relatively 
smaller mumuntum cauaus the formation of large apertures and numerous splinters. 

( 1.) Grape shot consista of a number of nast iron halls Fia. 17" 

arran^d in tiers, by means of three oast iron circular plates, and 
a bottom plate of wrought Iron, the whole being sccnrctl firmly 
by a wrought iron piu that passes tlu-ough the centres of the 
plates. There are from 3 to 5 shots in each tier, from 8 ozs. to 
3 lbs, each, according to the calibre of the gun. It is only 
fired from iron gims. Grape shot is very destructive at 
ranges under 300 yards, and will even produce great effect at 
600 yards. 

(22.) Common cage or canUtery consistii of a number of cant Iron balk, placed 
in a tin cylinder Itavtng a \voo<-lon bottom. The number and tiize of the halls vary, 
they weigh firom 2 ozs. to 1 lb. each, A field gun canister txjntains 41 balls of 
3 OSS.; a 32-pounder howitzer, fires a caso containing 268 balls of 2 ozs. 
Canister in fired botii by guns and howitzers. Tlio caso for the 10 inch (fioa) gun, 
has a cylinder of sheet iron, with an iron top and bottom. 

Canister is cffoetive at a distance of fi:om 100 to 300 yards only. 

(23.) Shells are hollow spheres of cast Iron, with a hole to receive a fuze : 
(hey were formerly filled with just sufficient powder to biirst ttiem, but at pretient 
they are entirely filled, which causes the pi-ojectilo to be loss eccentric, its flight 
to bo more regular, and tlie fnignient^ to have a greater momentum. The length 
of the ftiw) (33), is calcnlatod to cause the shell to burst at Uio proper distance. 
The thickness of metal is about ,', of the diamott^r — to resist tlie shuck of the dis- 
charge, and weighs neaily * of the solid shot of eqiial diameter. 

Tiicrc ai'o three kinds of common shells — 

The common thell, which is provided with a sabot of wood, attached by a rivet 
to the bottom of tlie shell opposiLe the fuze hole, and destined to mainttun the fuze 
in the axis of the bore when loading. 
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SHRAPNEL. 



When Buch a shell is oonveved loaded, a gutta percha wad, driven through the 
ftizo hole, keeps the powder dry, and is secwred by a metal plu|5 screwed into the 
fuze hola 

The naval skill is always carried loaded with ita metallic fuzo, and is similar 
to the former. 

The mortar shell has no sabot. Tlie shells for the 13 and lO-incli mortars, 
have two small rings or slugs on the sides of the fuze hole to facilitate loading. 

FlQ. 19. 



(24.) A shrapnel shell, or spherical case shot, is a shell filled with mtisVet 
balls, and a charge of powder to burst it. The thickness of the shell is about -^ 
the diameter, and the weight is half that of a solid shot. 

The bursting charge was poured loose among the bullets in the original 
shrapnel, wliiuh often caused promatnre explosions, it has been improved by 
Captain Boxer, who separated this charge from the balls. 

lu the improved shell (tig. 20), the powder is placed in a cylinder of metol^ and 
the halls arc kept steady by molted rosin poured into the interstices. In a further 
improved shrapnel by the same officer, called the dxaphragm shell (fig. 21), the 
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bjiTsUng charge is separated from the balls by a partition or diaphragm of wrought 
iron. The l>alU are harder, being made of an alloy of lead and antimony; 
the rocin is replaced by coal dust; and a coating of marine glue inside the 
shell, prevents this dost from mixing with the cliarge, should the diaphi-agm 
give way. The bursting of the shell is facilitated by four grooves runmng into 
the interior, Ironi the fuze hole almost to the jjuttnm. The fuze hole is fitted with 
a uictal socket, into which the fuze is placed when the uietal plug (23) used when 



CAECAB8ES. 



13 



FiO. SS. 




FiO. S3. 



carrying the shell is removed. Tho bullets ior field guns wotgh 20 to tlio pound, 
those for heavy guns, 14. A shrapnel for a 6-poundergUQ contaius 29 bullets, for 
12-poundors 62, for 32-poundors 151, for an 8-inch gun 338. Shrapnels do ex^ 
cutiou at cousiderablc ranges, but tlio fuze should be regulated so that the shell 
may explode about fifty yards short of tlio object fired at ; if either too loug or too 
short, the effect is lost 

(£d.) Carcaases are shells with three farxs holes or vents ; 
they are filled with a certain composition, which being ignited by 
tlie diaehargo issues in strong fiames out of the vents dui'iiig about 
teu minutes, and sets fire to any combustible uiaterial it may fall 
upon. The tliickuess uf metal is greater than in a common shell, 
on account of tlie three vents which weaken it They arc firod 
from any ordnance — generally mortars. 

(26.) Balls ore of two kinds: Lighi-halls, — miXier ground light 
(burnuig on the ground), or tiupended light (burning while sus- 
pended in tlie air by means uf a small parachute, the invention of 
Capt Boxer), are finjd from mortars. They are niado of canvass 
or paper, and contain a composition which produces a bright light 
and bums a long time. They arc employed at night to discover 
the movements of an enemy. 

Smoke balU are similar projectiles; but tho coinposidon produces large volumes 
of smoke, which form a screen aud obstruct the view. They ore often employed 
to Uiruw into mines. 

(27.) Hand grmadeg are small shells weighing 1 lb. 13 oz., filled with a 
bursting charge, and provide! with a fuzo 2 j inches long. They may be thrown 
by the hand fifteen or twenty yards, and ar« employed in situations where the 
troops using them are secure from splinters. They are sometimes quilted and 
tied together with their fuzes outwai'ds, and fired at small ranges with mortars. 
Hand, grenades aiu alito made of thick glass. 

FlO. 34. 
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(28.) A roekgt is a cyHiidrical case of paper or iron filled with composition ; 
to ono end a oylindro-conoidal head is attached, while At the otlier end (the choke 
or neck) there are several apertures or vents for the escape of the gases produced 
hy the combu&tion. A conical hollow, the base of which coincides with that of 
the rocket, ia ]etl empty about the axis of the compwtitinn, in order that a ^p-eat 
surface may be ignited ai the same time, thereby generating a large qnanti^ of 
gas which exerts a pressure on the interior of the rocket. The pressure on the 
head being greater than that on the base on account af the vents, the rocket 
moves forwards. It is fired through a tube, so that it is pmpeUctl in the required 
direction. A stick altacliod to the base oounteracts the tendency to rotation, and 
maintains the projectile in its right direction. There arc in the Bcn-icc two kinds 
of rockets. 

The tipnal rocket^ weighing cither 1 lb. or -(lb., is made of paper: there is only 
one Tent in the axis itself^ and the stick of the rocket in attached to the »de. It 
is fired vertically, and 
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when the compmifcion is burnt, the bursting charge ignites the storn put into the 
head. A rocket of 1 to 2 inches in diunieter rises from 450 to GOO yards ; if of 
2 or 3 indies diameler, from 1000 to 1200. The time of flight is from seven to 
ten seconds, and the signal may be seen at a distance of 40 miles, 

Tlie Conffrere rocket, of which there are four kinds in the service, the 3-i)0imder, 
6-poundor, 12*pounder, and 24-pounder, has a case of sheet iron. A hollow 
cylimlro^oiKiiduJ iron head is screwed on the top, to act as shot if empty, or as 
sbt'll if tillfKl witli bursting powder. Some conical heads with venta mny also he 
substituted for the ordinary pattern, to act as carcasses. The base of the shell 
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carries a fuze, and the apex has a. small bole through which the bursting charge 
ifl introduced, and a Iwre bit is inserted to pierce into the fuzo composition (33), 
A metal ping closes the apox. The Iwttom of the roeket is closed hy nn iron 
plate having a centre hole, into which the stick is screwed, and five et^uidistant 
venU. The composition is stronger than that in signal rockets. 

7*hoy ore fired, at liie proper elevation, by means of iron tubes raised above 
ground by logs, so as tn keep the sticks from touching it The elevation is about 
1" for every 100 yards of the intended range. In windy weather they should be 
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fired leeward. They aro 6rod against 11*00])$ presenting a largo front, or are em- 
ployed to aot buildings on fire ; but tlie accuracy of their Bight cannot be relied on. 

Rockets are caiTied in the field in a s[>ecial waggon attached to eaoh battery. 

(29.) The charge of powder is fixed for guns ami howitzers, that for mortars 
is variable. 

Tho service <^targe is in general one-thinl of tlie weigiit of the projectile for heavy 
and medium guns, and lib for light guns. Iron )iowitzer» have a cbai'ge of tV^i 
and brass howitzers a charge of from |th to ^th of tho weight of the projectile. 
In ricochet fire this charge is much altered, and varies from -7V ^ -^^ ^ ^® 
navy there are tlu%e kimia of cJuu'ges, the distant) full, and reduced. 

The charge is contained in cartridges made of serge, which aro conveyed in 
boxes. For the 3-poundcr gun tho projectile is attached to tho cartridge. 

The ordinary wads are ^'unit ur oakum rolled up in a cylindrical form, fitting 
the gun rather tightly, and grummet or a piece of rope formed like a ring of an 
external diameter equal to tho calibre of tho gun. The juuks are used for hot 
shot and brass pities. The grammota however are preferable, since they cauae 
leas deviation. 

Tho chai^ is ignited by means of a tube placed In tho vent hole. Of tubes 
there arc six different kinds in Uio service : the common quill iubey tho Dutch 
or paper tubes, and llie common metal tithe, filled with meal [wwder, are fired witii 
a port-fire; the detonatittg quill tubty is iiscd for guns which have a lock fixed 
to tlie vent plate ; the hammer of the lock ignites tho fulminating composition 
on falling; tho metal or (^(«"W /riciion tubes contain a similar composition, and 
are fired by moans of a lanyard hooked to a ring at tho head of the tube ; tlio ring 
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being pulled, sufficient friction is produced on the composition bj a rough atrip 
of copper attached to the ring. Finall/, galvanic tulfa are also used when the 
guns are " proved," and ignited by moans of a galvanic battery. 

PoTip.Tt» are of two kinds: the common (wnfire bunungat tlio rate of one inch 
per minutOiis mado of a paper case, 16 inches long, which is BUcd with composi- 
tion ; the alow portfire is paper impregnated with saltpetre. It Is formed into a 
cylinder 16 inches long, and lasts from 3 to 4 hours. 

Qfiick match is cotton coated with a composition of powder and gum ; siow match 
is hempen rope loosely twisted and dipped in a solution of lime and saltpetre; one 
yard burns throe hours. Another sort burning under water, and called 
" Bichfor^a fuze^ bums at the rate of 12 feet per 5 minulns. 

Shell fuzes are attached to the shells for the pnr{>ose of igniting the bursting 
diai^ at a precise mom^ent. There are in the service three different kinds of 
foxefj the time or Boxer's fuzo ; the concustion or Freobum's fuzo ; the perfusion 
or Moorsom's faTa (see 35). 

The time fuze consists of a conical case of teood^ for land servioo, and of brass 
or bronze for naval shells. 

The wooden iuzo contains a composition that bnms regularly, at the rate of 
one inch in five sccondt, so that any length may be given to it, by merely boring 
a hole through the ease, which will allow the flame tn pass from the case to tlie 
bursting charge. There are special fuzes for common shells, shrapnels, and 
mort.irs. The naval (metal) fuzes are also of two sorta, lung and short 

Frecbum*8 concussion fuze i* so constructed, that the concussion produced 
when the shell strikes the object, drives the ignited composition out of the fuze 
into the bursting charge. The case is of wood. 

Mooraom's percussion fuze is mado of metal, and contains 3 cylindrical 
chambers, in each of which is suspended, by thin copper vara, a hammer, 
which, ^ling on a detonatiug composition, when tlic Hliell strikes an object, causes 
tho bursting charge to be ignited. Those are liable to accidents. 

A DOW ftue is now proposed ; it is invented by Mr. Pettman. 
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hy the transformation of smooth-borod hnws pitwics. They arc mnzzlo loading, 
Fio 81 ^^'' ** grooves, liaviiig a turn in 59 inches. Tho projectile iacylindro 
nonoidal, and liait two nets of buttons or projections, 6 in each set, 
fitting into the p-oovos of the boro. The field shell gan (canon 
obnsier), replaces tho four kinrfs of ordnanco hitlicrto employed, viz., 
the 12-pounder and 8-pounder guns, tlio 6 inch and the 24-poDnder 
howitzers. The calibre is 3'6 inches ; the pin wei<»hs from o to 6 cwt. ; tlie chnrgu 
IB lib.; the projectile weighs 9lbs. Instead of 9 projectiles, there are only 4, and 
there is but one sort of carnage and ordnance. There is also a siege gun of tlie 
calibre of a 12-pouiidoi*. 

(35). The .lr77u(r(>n^ gun, proposed in 1854, is now adopted in the sen-ice; 
two batteries of 12-pounder8, of 6 cwt., wore sent to China in 1859, and forty 
lOQ-pounders were lately seni to Portsmoutli. 

The Armstrong gun is made of strips of wrotight iron, wound spirally round 
and welded togetlier, as in sporting pun barrtls, by which process the strain 
arising ft'om the discharge is received by the metal iu the direction of its fibres, 
and, tlierefore, in the direction in wliick it has the greatest tenacity. The bore 
ia cylindrical, with a chamlnar somewhat larger to reoeivo tho chai^ and projectile. 
The number of grooves varies with the nature of the gun, and often exceeds 40. 
Tlicy have one timi in twice Uio length of the bore. A breech piece, with a 
mitred face, fitting exactly into n similar face at the end of the bore, carries the 
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vent, and is dropped into a recess, thereby closing tliat bore ; the fitting surfaces aro 
of cop[>er. A cylinder of iron, with a screw turned on the outAide, works in a 
female screw in the breech, and |)res8ea tightly the breech piece. 

The projectile is Iii»Ilow, and may Rer\'o as shot, shell, case, or shrapnel. It is 
a pointed cylinder, formed of 4*2 oylinibx>-6egment3 of cast-iron, extonially coated 
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90 ARMSTRONG GUN CARRUGE. 

with leftfl. When fired, the lead U crushed into the grooves, bo that tbero la no 
windage, the point of the projocdlo remaining foremost during tlio whole time of 
flight Tills result permits the nppltcatiou ol'a percussion fuze to the point whoa tlio 
projectile is used as ashnll. Tlie point is therefore j)rovide(l witli a female screw, 
to receive a plug, a time fuze, or a percussion fuze, according as the projectile 
serves aa shot, shrapnel, or shell The cLargo of powder is about ^ that of 
tlie projectile. 
The carriage is similar to that of a field gun, but lighter. It has in addition a 
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The 12-ponnderj of 6 cwt, has a point blank of 300 yards ; the ranges are with 
1°, 700 yards; 2o, 900; 3% 1^00; 4o, 1,600; 5o, i,900; 6°, 2,200; 1% 2,400; 
8°, 2,800; 9o, 2,900. Several other calibres aro likoly to be adopted. The 
100-ponndcrs, 10 feet long, weighing 80 cwt, are intended for tho navy, for 
coast defences, or for garrison, and whenever very powerful ordnance are 
required. 

Tho 40-pounders, 10 feet long, weighing 31 1 cwt, will most probably be 
employed as siege, garrison, and navy gnns, and for coast batteries. Tho long 
25-]>ounders, 8 feet long, weighing 16^ cwt., and the short 25 jjounders, 5 feet 
6 inches long, weighing I2| cwt, are intended, the first for guns of position, tlio 
second for boat eervice. The 12-pauuders, 7 feet long, weighing 8} cwt, aro 
for field guns, the projectile weighing I2lbs., for field batteries, and 9lba. for 
horso artillery. The 6-pounder3, 5 feet long, weighing 3| ewt, aro for mountain 
scr\'ice. 

(36). Another breocli-loading rifled gun, due to Whitworth, is now competing 
with tho Armstrong. There is a 3-pcuuder, of 208lb3. weight, a 12-pounder of 
8 cwt-, and an 80-pounder of 80 cwt 

The bore is an hexagonal spiral, the inclination of the spire varyuig with the 
diameter; the Iwiat Is rather rapid, in oi-der to overcome the tendency of the 
projectile, which is long, to turn over in its flight The breech is closed by a 
cap, which screws on Uio outside, and works in an iron hoop, attached by a 
binge to the side of the breech. Tho cap is opened hack for loading, af^r 
Pj^ 35^ which it is shut like a. door, and secorodon the 

-^ breech by a liandJe made for the purpose. Tho 
\ vent Is in tlie centre of Uio ca[>. The projectile 
— is hexagonal, and of east-iron. Tho charge is j. 



The range and accuracy of tliese guns is sold to be very great, the S^pomider 
currying above 5^ miles. 

(37). In 1851 tlio old musket was replaced by a rifle; and in 1853 entirely 
gniH'rscded by tJie Enfield rifle. 

It is 6 feet 0'5 inches long, including bayonet, and weighs 9 lbs. 3 ozs. The 
length of the barrel is 3 feet 3 inches ; it weigtis 4 lbs. 2 02s., and its bore 
measures '577 inches: it has three gnwvos, eacli forming a spii-al of one tm*n in 
6 feet It is sighted to 900 yards, but its practice is good at larger nuigcs. Tho 
charge of powder weighs 2i drams. 

Uifle corps and sergeants of iaiimlry have a shorter rifle, witli sword bayonet: 
its length is 5 feet IH inches, it weighs 9 lbs. 11} ozs., and the barrel meusures 
only 2 feet 9 inches. It is made exactly on tho same principle, and is nsod with 
the same amnmnition as tho former. 

Tho bullet is elongated, *55 im-lies in diameter^ and weighs 530 groins. 
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The penetration of tlio projc-ctlle oxcewl^i that of the old bullot ; at 100 yards 
it goes througli 19 inciies of stiff' day, and at 30 ji'nrds passes tlirongh 12 plaiiks 
of elm half an incli thick, and placed Iialf au inch apart 

(38). It is only step hy atop that this hnprovement of the rifle haa taken place. 
In 1827 Mr. Delvifpie, a French orti-L-er, invented a. riHo witli a ttuiall 
cliaraber at the hottom of the bore; the spherical bullet 6tting loosely 
m tlie barrel^ i-ested on the shoulder of tliat chumber, and was expanded 
so as to fill tlie grooves by a smart blow from a heavy ramrod. This, 
however, disfigured tlio bullet, and in I&42, Colonel Tliouvenin, of 
tlie French service, attempted sometbing else, A "tigo" of steel was 
screwed to the bottom of tlte bore ; the charge being placed round it, 
and the spherical bullet on the top, it wns expandet^l into the grooves by a blow. 
Tbe projectile receiving the impulse obliquely could not give accuracy. 

These two nfles bad this serious ineonvcnieuce, that the bullet cuuld not be 

Fio. 8$. fixed to tlie cartridge; but Ulr. Delvigne introduced a cylindro-ogival 

bullet, with a groove round it lo fix the cartridge, and in 1846 this 

/ \ prtijectile was adopted in France, together with tlie " carabine h tige ;" 

[ ] the bead of tlie ramrod Ijolng scoopod out to fit the jwint of tbe bullet 

"^r while loading. The tigo fi-etineutly breaking, and the barrel rapidly 

H becoming foul, a new bullet, of the invention of Mluiif, soon obnatod 

■|^hI tlHne defects, and the tigc was dispensed with. Mini^*s bullet is 

BMHJ cylindro-conoidal, witli a conical hollow at the base, into which is fitted 

iin iron cnp. The (wwder acting on this cup (fig. 39), drives it up the narrow 

end of tho hollow, and causes the surface of the lead to expand into the grooves. 

It was introduced into England in 1851, but in 1853 was replaced by tliu Pritchol 

bullet(fig. 4(1). This projectile had uo cup, and was made of such a lengtli that the 

powder acting suddenly on its base, drove it up slighJly, before riie inertia of the 

point was overcome, tlius causing it to expand into the grooves, near its shoulder, 

tbe hollow being merely intended to throw tho centre of gravity forwiud. It, 

huwover, fouled the piece, and Colonel Hay improved it by introducing a plug ol 

Uix wood into the hollow (fig. 41); this prevents the sides of tho bullet from 

collapsing wheu it leaves Uio barrel, and is found to prevent the barrel from 

fouling. 
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The Pritchet buUetj improved by Colonel Hay, ia uow emfdoyed in the serTice. 

Other projeiittles have I>een proposed — Colonel Jsoob's (of tho Bombay Artillery) 

buUeUi (tig. 42) gave long ranges, but required great ohargea. A aalid bullet^ 

Fio. 48. Fto. 43. 
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(fig. 43) with two deep annular grooves, inven(e<l by Wilkinson, has been adopted 
m Austria. Mr. "Whitworth's bullet and rifle arc on tlie same principlii as his 
rifled guji, &c. 

(S9). BtKides ihe £n/ieU rifle there are ii2 the service: the Lancaster nfli^ 
employed by the coi-ps of Sapp«rs. It \» mjiilo on tho same plan as his rifled 
guns. The total weight is 9 lbs, 2 ozs., tbe length of ban*el is 2 feot 8 inehes, 
that of the sword bayonet 2 feet. Its range is good, and as the bore is smooth it 
docs not foul, Imt tlie bullet is liablo to strip. 

There are also the Artillery rifle, tho revolvers of Dean and Adams, a cavalry 
earbino, and some breech-loaiiing carbines on trial. 

Tho maabcr of rounds carried by each man !s 60, together with 75 capa. They 
weigh 2 Ihs. 8 nz. Tlie ret^erve for smull arms' iiiiiinutiitioii is divided into three 
jiarts: thft 1st and 2nd reaen'ea, conveyed in amnmnition wagons, are attached to the 
field batteries of each division. The wagons are provided with cradles and ladders 
to transport tho ammunition wherever required. The 3rd reserve follows at two 
days march in the dcjwt.t of the military store department 



SECTION VI.— GUNNERT. 

(40). The point blank range of a gun is the range a h obtained at the first 
graze of the lihot, wliea tho piece placed on its carriage is fired with the service 

FlO. 44. 

^ ____ *. 

cliarge, on a horizontal plane, tho axis also being horizontaL A gon ia " laid 
poittt blank"" when tho ])rodaction of ita axis will pass tluxiugh the object aimed at, 
whatever be tJie elevation or dej)re»aion with the horizon. 

(41). As tiic axis is not visible, its position mubt be obtained practically : this 
is done by mejms of the liru: of meUU or visual line Joining tlic notches cut on the 
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highest |x>ints of tlic base rin^, and the swell of the ronzzle; when the tniDnions 
are horizoutul, this line is iu the same vortical plnne with the axis of the gun. 

In giina whirh have no dispart patch, wlien ihc liue of uiotal is jxtintcd upon 
an object, the axis passes over the object alnied at, and the elevation thns obtainod 



Fig. 45 



is called line of metal eltvation; it is 1" in light field giins, 1^" in medium ditto, 
1 jo hi onlinon' iron guns, &c. 

(42). Ag tlie char^ of a gun is fired, the iuitJal velocity of the projectile is 
constajit, the range will therefore depend upon the inclination of the axis to tho 
ground. The action of gravity causing the projectile to descend continunUjr 
after IcavinjL,' the bore, it is necessary, in order to strike au object, to direct the 
axis at a point more or less abgve the ohject, according as it is more or loss 
distant 

The elevation of tJie axis is obtained by means of a tangent scale, of which 
there arc several sorts iu the service ; the ordinary scale consists of a rod, which, 
sliding up and down in a groove behind the vent, can be fixed in any |>o6ition, by 
means of a screw. It is divided into quarter degrees, as far as 8". 

Tho litie of si'jht is the line passing tlirough tlic top of the tangent scale, tho 
notoli of the muzzle and tho object fired at. 

Fio. 46. 
Zim* tftt^ 

The any/e of eleeutwn h the anglo which tho lino of fire, or axis produced, 
vnkm with the lino ol tiighu 

TKe angle of elevation nuy be givou u> gun& by otlier means tlian tho tangent 
**i^: tliu« in field pins It may be obtained aa far its 3" bv the quarter sights, or 
M ^flfc «■ tlw wim of the baee ring ; the top notch, with another on the Rwell of 
ipTOi^ ft line of sight purallfl Ui iho axis. A Bpirit Ictvl f/uadr<mt^ oC 
^^Irmat, may also Iw oui ployed. 

I is th« pnth described by the centre of gravity of tlio projectile ; 
i< «^ght in two jKiints, one near the muzzle, tltu other at tlie 

' V; means of a plummet, hold in tho hand jui^t Ix-hind 

'- ^^ ^tle 10 coincide with two pickets phinted on the 

^"^* -* W *Kmri^ the uiortar is* travursM-d until the lino of tho 

-i d« inoTtar. indiealeii by a notch un tho 





KxVNGES OF ORDNANCE. 



25 



luuzzio, and aootiior buhind the vuut. Tho elevation is geuoraUy 45°, and the 
riLiigti varies with the charge of powder. 

Tables of practice are constnicted, ffiving the ranges of tho varioua kinds of 
ordnance with tho coirespoudiu^ olcvatiou, fur tho purpose of socoring good 
practitse: wo give two of Uicse tables. 

itANQE OF IRON OKDNANCE. 





VoiU 
Bhak. 






Va,Mthrto* 


























1° 


20 


80 


4° 


!P 


6*> 


80 






3IS 


635 


935 


1206 


1450 


1605 


1825 


2095 


HuUow Shot uf 88 Ib». 


e-iii. „ oi'escwt, 


340 


659 


1000 


1300 


ItiOO 


1850 


2050 


3357 


of 56 Iba. 


8-iu. „ ofeocwt. 


320 


fiSD 


uo 


1350 


1500 


i7ao 


1910 


3220 


Sbvll of 51 lb*., (UM 


Bid. „ of»2cwl. 


290 


530 


»20 


1D80 


1340 


1550 


I860 


3080 


Hallow of 56ll>9. 


68-poiin(k'r or 1 12 cwi. 


370 


900 


1170 


IG60 


18G0 


2140 


S400 


3740 


Solid Shot. 


68 -pODiidcr of 92 cwt. 


320 


700 


1070 


1410 


1710 


1930 


SIJO 


3540 




S6-ponDiler of 96 cwt 


390 


840 


1250 


1*1)0 


1950 


3140 


S8S0 


2690 




4S*poiiii<ler of 67 cwt 


300 


730 


IL30 


14S0 


16(Kl 


1880 


SI10 


3500 




3a -pomidor or 5S owl. 


«ID 


(920 


I20U 


1520 


1810 


3050 


3250 


2610 




33-|x)U0ck'r of Mewl. 


370 


779 


IISO 


1460 


1690 


1910 


3110 


S460 




32-pniinflor of SOcwt 


346 


"47 


1173 


1433 


1698 


1900 


3137 


3453 




2^-]^f.^^.|<■^* of 50«wl. 


SCO 


750 


iiao 


1440 


1630 


1840 


1950 


2330 




le-pauriJerof 42 cwl. 


330 


6!»0 


990 


1270 


ISOO 


1710 


1890 


2130 




S23 


su 


709 


934 


1073 


127U 


1406 


1848 


sbftii. 







A S4-{)oundcr goo, And it ao «lo?atioa of 45°, wUb » ohargc of 6 Ibe., ctrriM 4500 y»ri*. 
Au IS-pouiider ,. ,. Vfi „ eltn. „ 4900 juit. 



RANGE OF BRASS OHPNANCE. 
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Bbwk. 












Tttr^. 


1° 


20 


30 40 


50 


flO 


60 




l<-poaD^ofl8 cwt 


300 


700 


loco 


134K) 1400 


1600 


1800 


,,, 


Shot 


S-ponndtr d 13) cwt. 


800 


680 


U60 


1190 1400 


1590 


1750 






fi-'POanilcr of 6 cwl. 


300 


630 


890 


1100 1S80 


U.'iO 


1600 






32 jioiunltT HnwIUcr. . 


900 


&00 


700 


»00 UDO 


1300 


1400 




Common Sboll. 


34 iKmu'lcr ditto ... 


970 


53t) 


760 


960 ' IIGO 


] 1,71) 


1530 






12-pouud«r ditto ... 


MO 


430 


630 


800 1 970 


113S 


u»o 


... 


n 



RAK«ES OF MORTARS (CHARGE Of POWDER> 



DWascc. 



SOOjniHs 

400 yard* 

000 /ord* 

SOOyurdi 

1000 ynrA* 

1200 yard* 

2000 yard! 

1400 yards 

S900yiird* 

3400 yard! 

4«)0y<irds 

4700 yvdi 



lS4iiali. 
lb». o«. druii. 



lO-ittob. 
Um. oa. dfOH, 



1 10 



»>liub. 
Um. as. dnna. 



tbi. 01. dmu. 



4f4]ieli. 
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PENETRATION. 



HA\OE OF CASE SHOT FROM HELD PIECES. 





Foiiit blftnk. 


10 ao 






200 
150 
too 
200 
l&O 
100 


300 400 
£50 s^n 








G-poaadcr „ 


SOD 

300 

300 


300 

350 
300 





A sufficient number of experiments has not yet been made to determine the 
ration of tlio now oiilnanoe. Wo, therefore, conBno onrsolvcs to tlio old 
ordnance, and give an extract of tlie results lumislied by tlic experiments made 
It Mctz in 1834, wliich are generally acknowledged as a good authority. 
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PaxirsiTtoH iM 


i 


IStnyaTX' 


OKk. 


EutlL. 


^ 


99 m 


300 


1000 


25 


30O 


1000 


29 


300 


1000 


■ 


InidiR*. 


lDflb««. 


InchM, 


InchM. 


Incboii. 


[iirli««. 


larhM. 


Ittelin, 1 Inphea. 


^B 


8C pcrandk 


'JB-77 


2334 


13-80 


85-35 


54-33 


31-49 


109 1)5 


93-30 '69-48 


■P 


34 „ 


25-59 


20-.-M1 


10-83 


62-99 


45-08 


27-55 


108-36 


77-55 60-68 


OWM 


16 „ 


3244 


lA'lS 


7-67 


5*72 


ar^u 


19-68 


96-43 


66-53 50-39 




IS ,, 


30-89 


13-58 


S 10 


4K-I16 


3327 


U-36 


64-96 


4i:i-*)l 35-03 




8 .. 


177* 


11-61 


413 


3937 


28-74 


10-62 


58-29 


43-30 38-74 


28 ooQtinL. 


.,, 


... 


• ■• 


SS-94 


17-74 


9-05 


48-42 


33-85 |23'22 




... 


... 


... 


33-37 


30-50 


9-84 


53-93 


55 03 1 2a-|>4 


BowttMrt* . ■ <14 ^ 


... 


... 


... 


3755 


2011 


6-39 


44-4 S 


32-67 


18 14 


[is ,. 


... 


... 




14-96 


82fl 


8-93 


27-16 


21-29 


10-33 


Jlortan find ftl w ] » " 1 , 


(4-33 

ic COO rnHxw \ 3-93 

(3-14 




10-63 
9-84 

s-fto 


SI 65 

19-68 
H9l 


* Sbelli and bomb* uo oHuutd itoiD tlteir duunctor, expreuod in oantim^trM. A ceati- 


uxttn m 039371 ioch. TIm Fmiob mrtru s ; 


9-37079 iochea. 




The above results must be mnltiplied — 






/ft moionry, hy 1*26, wheu old, 
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Tn iMNhi, by r for beech, yoke ?lm, uh. 

„ 1-3 for elm. 

„ 1*8 for pine and birch. 

„ 2' for popUr. 

/fi earth, by '63 for Band mised witli gra.vel. 

^ -67 for ditto, but ligbter. 

„ 1*09 for mould, or the ubovH tmmiaad in. 

„ 1-44 far cUv. 

„ 1*60 for Ughi Boili*. 

liH) for dttio, recBDtly nunsitd in. 



With regard to tlie Enfield ri&e, lb exireme penetration iuto earth has been 
found to be 17 tn(?hes at 200 yanU, and 19 inclws at 20 yanla. This penetration 
should be multiplied by '16 for oak; "33 for elm; '76 for pine. The shot peno- 
ti-ate» 12 incJics into soudbag, passos through a fascino and 6 inches of earth 
besides, and is stopped by a gabion. 

(4(i.) For the right uiiderstauiling of tlie text, it is necessary that the student 
shunld bo faxuiliar with the various names given to the fire of mnskotry and 
artillery, according to it* direction and nature. 

The fire of ai-tillery and musketry, receives the namo nf direct firoj when the 
prujuctiJo strikes perpendicularly the out»de of a work or the front of the enemy. 

(!■) 

Offtifpi« fire, when it strikes it oWIquely. (2.) 

Slantimj 6re (feu d' ^charpe), when it strikes it at a very small angle, either in 
front or rear. (3, 4.) 

Enjilade Brc, when it is directed on the flauk of a line of troops, from one end 
tu the other, or along the Iwnquette or rampart of a work. (5.) 

Jtevei-se fire, when the projectile strikes the roar of a. line or the interior of a 
work. (6.) 

F», 47. 
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Grazing fire, when it sweeps close to the surface of the groniid. 

Fig. 6a 



Flanking fire, when it is parallel to the front of a line or of a work. Thns if 
B C, C D, represent a work, B* C, C IX, lines of troops, the fires mn, /> g, are 
called flanking. The space A is exposed to what is called cross pp€, and we say 
that the line B C, Banks the line C D, and t>tcfi v&rsa. 
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Besides these various fires which may be called horizontal, there are two other 
kinds i)eculiar to artillery. 

Vertical fire, tliat of a mortar or a piece of ordnance fired with an elevation 
of 45°. 

Via. 52. 




Ricochet dm, that of a gun or howitzer fired at a small angle, and with a 
reduced charge, the shot bounding along. 



Fio. 53. 



Tliis description of fire applied by Vauban, 1797, at the siege of Ath, is chiefly 
employed for enfilading lines of troops, which are covered by some obstacle, and 
for destroying the guns that arc mounted along the rampart of a fortress. 

Ricochet is most efficient at 600 yards ; in reducing the charge and giving an 
elevation to the piece, the projectile has a low velocity, and describes a hich 
curve, which iwrmits it to graze immediately after clcai'iiig the obstacle or pai-ajH-'t 
when firing agaiust troops or guns. 
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The charge varies from -^V to ^V of the service charge ; the maximam elevation 
for field guns is 3°, for si^e guns 10°. In general the piece should be pointed 
from 6° to 9° above the parapet The maximam elevation on water is 7°. 

The following table is the result of practice at 600 yards. 



24-pouiider .... 


charge 


1 


elevation 9i° 


18-poimder .... 


n 


I 
TT 


» 5° 


24-pouiider Howitzer . 


» 


Vt 


» 6JO 


12-poimder „ 


J) 


1 
TV 


» H° 


10-inch „ 


)) 


t 
TZ 


» 5Jo 


8-inch „ 


It 


ij 


» 6i° 



CHAPTER II. 
PEINCIPLES OF FORTinCATION. 

(47.) FortiJifati<tn is employed for tlto puri)08e of enabling a body of men to 
resist with advantage the attack of a greater force. 
It is either Natunil or ArtiJiciaL 

A chain of niountaiiiH, the sea, a river, arc natural fortifications; wliilst any 
work made by the hand of man is artificial. To the latter only we shall direct our 
attention. 

It lias been divided into Permanent and Temporary, or Field Fortijicatioju 
As the name implies, pennancnt works are intended to stand for ages, as tJioso 
that surround arsenals, and frontier places; whilst fielJworks are thrown up 
merely for a time, to occupy or defend a position, or to protect a bridge or a 
villa^. 

(48.) It ought never to be lost sight of tliat in every description of warfare 
forttfieation is only an accessory, destined to increase the power of resistance of 
tnwps ; and Uiat works, particularly in the field, arc only resorted to when we 
are weaker than our adversary. Fortification Bhould not, therefore, paralyse the 
action of the troops, as has too often liecn the case, but give full scope to tlioir 
efficacy. 

Cavalry can only act oflcnsivcly ; infantry and artillery can act bot}j on the 
oflensive and the defensive, and for the latter alone is fortification employed, which 
should at tlie same time protect them, and enable them to concentrate t]ieir fire 
■0 as to give it ita fullest oflcct, conditions concisely cxpres.sed by a celebrated 
CBgiiwert ' it must covtr and Jlank." To these we might add, it must also make 
Af MO*! o/th4groundt for in fortification still more tlian in tactics, it is true that 
loPBcy is worth more than numbers ; but tho nature of the ground is often of 
■Mt He ^ban. bravery. 

Mi^j fstificataon is had recourse to by a defensive army to cover its front 
>■■* cifiedaUy to protect its rear, when, extending in a long lino. 
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it is liable to the contingency of being turned ; to socare its mafrazincs and the 
arrival of tta codvovhi to defend its bridges and the doBlos situattid on its Itno of 
retreat 

An offensive army c^annot be anperior at every point, and however powcrfhl, 
it must also socuro its flanks and rear ; the armies of siege more particularly 
require fortification to resist the sorties and the attacks of an army of relief. 



SECTION I.— Ditch and CovBBrao Mabs. 

(50.) Fortification is the most ancient of all tlie arts of war; nature itself has 
pointetl it out to us. Tlie first man attacked by an enemy stroiijjer than himself, 
in the cousoiousuoas of his inferiority, sought a remedy for it A bush, a rock, a 
trunk of a tree must have served him as a fortification. To the present day we 
find ftavages possessed of no ether; and we ourselves employ this primitive forti- 
fication in partial and sudden attacks. The natural hedge led tis to the iflea of 
forming artificial onus or abattis, the rock taught us to construct walls, and the 
ravine a paraiK-t made of the earth extracted from a ditch. T]us kind of fortifica- 
tion protected the first houses against the attacks of wild bpasts, and afterwards 
against men.* 

Let us suppose a body of men in an oj^n country threatened by a superior 
force, the first idea that will present itself will undoubtedly bo to find a means to 
stop its advance: a ditch will answer this purpose. 

Fia. 54. 
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Still the fiupcriority of numbers will soon tell by a more deadly fire ; a cover is 
therefore necessary, and if the earth extracted from the ditch is thrown up in a 
heap, the men will become comparatively safe. 



Fio. sa. 



Yetjif they remain inactive behind such a mask, the enemy would soon overcome 
the obstacle; but if tJiis covering mass is constructed in such a way as to allow of 
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tlic defenders Bring over it» then the attacking party becomeft exposed, and the 
inequality of numbers partially remedied. All turtification consists tlius of two 
distinct pjirts, a ditcli and a covering mass. 
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The earth extracted from the ditch would not resist projectiles, and would soou 
be penetrated by rain and sc-attervd by wind, if it were not rammed in and sbapod 
regularly. 

In tlie annexed diagram wo give the representation of the covering mass, as it 
ia now oonstructed. 

ft*. 87. 



The line AB figures Uie surface of the ground. The part shaded h called the 
Parapet (from the Italian, para petto, covering tlie chest). Its thickness varies 
according to the woajmns at the disposal uf the assailant Its Btandard height CT> 
is 8 feet. 

Although it may seem idio to recommend making the panipets of suificient 

thieknoaa to resist the projectiles they are exposed to, yrt this important subject is 

sometimes neglected in the hurry of the moment Nothing more discourages the 

men entrusted with the defence of a work ttian to find that they are not efficiently 

proteoted. During thu Scvuii Yours' \V:ir, at the siege of Colberg, a cannon ball 

came right through the panipot of a batterj', and took off the head of a gunner. 

It is far bettor to bestow a little more labour to make the parapet too thick, than 

to fall into the opposite error, for tliia extra trouble will in the end save time. At 

the Brat bombardment of Sebaatopol, the French had not calrulntcd on the fKJWor- 

'ut artiUery of Iho Russians, and in a few hours their batteries and powder 

^^EM^ujoa vfore iertroyed. Warsaw, in 1832, was defended by earthworks; yet 

^*«*«« PiukewicV (with a tnun of SOO guns) soon annihilated the whole. 
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It waa customary to allow 3 foct thickness for musketry, and I foot for each 
pound of shot. Thus 6 fuel for 6-poanders, 9 feet for 9-pouiidcrs, and so on to 
18 feet; but the recent iniprovemcnts m firc-anns by causing Uie projectiles of 
ardllery to penetrate more deeply into earth, will neoessitate an increase of thick- 
neas; but a thickness of 3 feet will still bo sufficient to resist the Enfield bullet. 
Tlie i>enetration in ordinary soil being ascertained, we obtaiu that in otber 
materials liy multiplying by a co-cfficient. {See 4.5). 

The parapet should be made at least one-tliird thicker than the |>enotratic)n (45). 

The superior thpe DII slants towards the country with an inclination ^, in 
order to enable the defenders to fire inmiediatoly in fi-ont^and to see the atisuilanis 
until thoy Jusc*end into the ditch. It may occasionally slant a Uttlc more, but it 
will have the inconvenience of weakening the crest of the parapet This slope is 
also called plong^e, or plane ofjire, because it is from it that the 6re is poured out. 
In fbrtificntion, instead of moasurinjt; tiic inclination of a sIo])C by tlio nuiubor of 
degrees it makes with the horizon, or with its base, we obtaiu it by dividing \U 
height or fall by its baae, so that this inclination is reproKcntod hy a fraction 
%vho3e numerator is equal to the height, and the denominator to the I»ase. 
"a- «*' Thus if AB :r 1, and BC:=2, the slope AC is 

said to bent i; if MN = 3,and NP = 2, the slope 
MP is at ^. A slope at -) is often culled a slope 
at 45°. Most military authors on tlii; i;ontitient take 
for the fraction the base divided by the fall ; but in 
reading these fractions no mistake ran bo made if Uie fundamental form of a 
parapet is well understood. 

The defenders are posted on the J3anq}nUe KE. It is level or slightly inclined 
to the reur, to carry off the water; it is 3 feet wide, or 4 feet 6 inches whnn 
destined for two 6Ies of mtm, luid stands 4 feet 3 inches below the crest of tlie 
parapot, this being the most convenient height for a man to fire over and at the s;unc 
time remain covered. To ascend from the interior of the work, or Terrtrpleifij 
up to the Banquette, a elope of Banquette AK at \ is constructed. A steeper slope 
would be inconvenient to ascend the banquette, and a more gentle one would 
occupy too nmch B]>ace inside tlie work : jn fact, Uiis slope ia replaced by stcjis, 
whenever it is important to economise space. 

The pai'apet is conneetod with the banquotte by the interior slope DE at f, 
and with the ground on the ouWde by the exterior slope HB at f. 

Witli an interior slope loss steep than -f, the men would be more exposed, 
es{)ocial]y U> pitching tire, and too far from Uie crest to rest their nmskctn on tliu 
superior rIojw. A vertical slope would be preferable, but earth would not allow 
this, and even at ^ it requires (142) artificial means to support it. 

The exterior slope in works destined to stand for some time f^hould bo made 
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at 1^,7, tho slope which earth will generally assume; it corresponds to an angle 
of 33o. 

The intersection of the superior and. interior slopes is called the interior or 
superior crest, or merely crest, also line of fire ; that of the sui>erior and exterior 
slopes is named the exterior or inferior crest. 

This is the shape which experience has taught us to adopt in the field, when we 
lire on level ground, but it should only be considered as a type (154). 

In twrmanent fortifications we find also a rampart AB or large mass of earth of 
various heights, and its slope of rampart AC, at -}. 
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This additional lieiglit is necessary to protect tho buildings, and to command 
tlic country. 

(52.) The ditch is comprised between two slopes; that next to the parapet AB 
is called tlio escarp; that towards the country CD, tho counterscarp; tho levol 
part BD is the bottom. 



Fig. 60. 



A joldi may hare a triangular profile, such a one is found ndvantn^eous when 
"**> vnbnot flank defence, because the assailant cannot easily form in it 

*K^ mdiuiaaii of the Bcarps Taiies according to the nature of tho soil, 

Emrp. Connterscarp. Bonn. 

^*««^ ml I f 1 foot 

, '-'"<-« «a .... * ; 2 „ 

G^ -^^ . . . . . ■ :i .. 



hut the aac'arp, having to supi>ort all tlie covering mass, is always made loss ateep 
than the connter&c'U'p ; and, to diminish thi» onormoas prcs»uro, a horizontal 
space j^o, called a Berm, is reserved at the foot of the exterior slope. This varies 
from one to throe toot, according to tho nature of iho ground; but it is an 
ineonvenienee, and must be avoidod when possible, because it uflbrds a rcstang- 
place for the assailants, who, after having cleared tlie dittrh, gather in sufficient 
nnmhers to give tho assault. At tho attack of tho t^te-de-pont of Almaraz, made 
hy tho English in tho Peninsula (1812), tho bcrms of Fort Napoleon kppt ofl' tlie 
ends of the sealin^-hiddora from the parapet: but tli© first men jumped upon the 
Iwrm itself, and, drawing up tho ladders, planted them there; then, with a second 
escalade, they won the work. 

In pormoiiont fortificsUion these slopes are generally built in masonry, and aro 
cither at -f» ftB in Vauban, or perpendicular, as in tho modem system. 
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Wbon a slope is steeper tlian |, earth mast he supported by masonry, sandbags. 
This is ealli^l Revetment. 

The depth of a ditch in field fortification varies irom 8 to 12 feet; below 8 feet 
it would no loogo]- be a serious obstacle; above 12 feet it would bcconm too 
diBcuIl to cxca^'ate. 

Tho width is never less thaii 12 feet, hut may extend to 20, or oven 25 foet 

In permanent works tJio dei)th may average 30 teet, and even more, and the 
width 90 fecit and npwards. 

it \a a. principle that is constantly adliere<l to, especi.illy in tlio field, that tho 
ditch mnst furnish all tlio cartli necessary for the covering mass. Thoivfore, 
when the thickness of the parapet has been onco determined upou^ one may 
assume tho depth of the ditch (8 feet or 12 feet), and calcukto the width, or 
assume the widtli (never less than 12 fi:i:t), and calculate tlie depth. This 
operation is called the calculation oi'Jeblai (rUtch), and rembtni (mass), 

(53), The critical moment for the assailant is the instant when he arrives at 
the counterscarp of tJio ditch, because he hositatvs to cross it, and is there exposeil 

u 2 
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COVEKED WAY. 



to a murderous fire ; but if the parapet is small, and the ditch narrow, the superior 
slope produced meets the ground too far, and a man might stand safely at A. To 
obviate this the ground is raised as in CB, and this double slope is called a glaeu. 
The crest of the glacis should be at least 4 feet below the superior crest, as it 
would otherwise enable the assailant to fire into the interior of the work. 
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(54). Finally, to complete the work, a little path, called a covered way, is some- 
times reserved between the counterscarp and the glacis. 
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It is rarely employed in field fortification, because it implies too largo a garrison 
for tlie defence, but it is constantly found in permanent fortification (335). 

The two component parts of all fortification are the parapet and the ditch ; in 
its most complicated state we find the rampart, parapet, ditch, glacis and covered 

way. 

(55). The lieight of the parapet above ground is called commandy and the 
height almvo the bottom of the ditch is the relief. The difference of command of 
two works is called command of fire, thus we say that work A has a command of 
4 foet over work B. 
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1- ta? wmaiduaJ i* only sufficient to i>emiit the defenders of a work to look 
rw- :k 'CiHr t: iJ uduntj ci»»wnfl"<i of observation. 

Tb- Bisrarri 'wi^^t of a work is 8 foet or 7 foet 6 inches on level ground, in 
ovj-r u^iTsc iho fire of men on liorseback. In some special cases, 
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such as when it is necessary to get cover from the views of commanding heights, 
it may be raised to 10 and even 12 feet, whilst at other times it may bo lowered 
to 7 feet, 6 foet, and even to 4 4 feet when there is occasion for great basic. 

When the command is small, the fortification ie said to bo rasant, when great 
we call it Jichaut. 

The name of hreastirork is given to those parapets hastily thrown up, the 
comtnantl of wlu'ch is so small (4J feet) as to require no banquette. 



SECTION a— OOTLINK. 

(56.) A parapet and a ditch that would streteh along tlic ground in a straight 
line would not completely answer the purjiose in view, since the defenders could 
only oppo.se a direct fire to a superior one, and this defence would cease as soon 
as the assailant was In the diteh. 

It is necessary to construct the work according to a croaked line, ofiering 
salient, AAA, and re-entenng angles BBH. By this disposition the assailant is 
exposed to fire in several directions, and he will be compelled to abstain from 
attacking the reentering angles in order to direct Ms eflbrts on the salients, where 
he is less exposed. The defenders give thus a superiority to their niurtketry, and 
can concentrate their means of resistance where they are likely to be attacked. 

Fid. 68. 
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The parapet and ditch being thus constructed along faces, enclose a space M, 
and form what is called an intrenchment.^ 

The combination of those angles, and the general configiyation of the work on 
the ground., constitute what is called Uie outline or trace. 

This outline will vary indefinitely, and it is in its Judicious selection that an 
officer will display his skill, it being borne in mind that fortification must make 
tlie best of the ground. 



* An A/MiMhwMt diffcn from nn luireochmeDt by tlm itbauncu of clt« bAii<|ticUc ami itt alitpe. H » 
voMtniubtd to pro(«el ftrUlterj, or occMknially to tbelter bom ttw ▼!««■ of tbs caumj, troop* of cavalry 
ud inGuu-jr. 
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SALIENT ANGLES. 



The interior ground of a work M is called its (erreplein; the same name appHos 
to tliP nearly level space between the parapet and the slope of the rampart. 

(57.) To understand the properties of anjjleA, it must bo observed that a 
soldier behind n parttpcl is cx|)cctcd to fire straight before him, and lliat unless 
lie is expressly onlered to do so, he most not fire in an oblique direction. This 
rule t» most essentia]. It often liappena that troops are called upon to occupy 
and defend a series of works, the outline of which is calcnhled to answer a com- 
bination of defence. The flanking of n ditch or of a face nnttt take place: it is a 
sacred duty, and a gamson must even sacrifice its safety to fulfil it, Just as a reai^ 
guani or an ontpost must sometimes devote itself for the safety oftho army. 

If, then, we consider a salient angle, the shots of the last man on each face leave 
a space totally undefended. This space is ealled undefended sector or undefended 
angle. This is an incouvcniencc common to all salient angles, and is auoihor 
rottson which will induce the a£sai!unt tu seh-et the salient as the point of attack. 

The smaller the angle, tlie larger will be this undefended space; besides, with 
a very acute angle, the parapets of both faoes would meet ou a uairow ridge, 
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and bo unable' to rosisi the fire of the enemy's artillery, or even hea\'y rains ; and 
the Ulterior space wmild become so limited that no room would be left for a gun in 
tlio capital, (tJic line that bisects a salient angle is called In Koi-tification its 
Captlaiy) as is often done, to fire on the arlvancing columns of attack. 

For tli(!»e reasons the salient angles must never be less than 60°. 

It might bo asked why it is precisely 60° luid not 55" or 65% &t; It is bccnuse 
tliu capital may re<Tivt! oblitpie fire, ih cases of iK>e4!Ssity : as a man cannot uhlu^ue 
mure tJiun 60', it follows, that if the angle were smaller tliaii 60*^, the <^i|Htal 
eoald not he dofendrwl even by oblique Hre. 



LINES OF DEFENCE. 
Fia. 69. 
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(58.) The sides of a re-onteriug angle according to the direction of which a 
face is flanked, are called lines of defence. Such are AB, AC. 

If the face that is flanked is not contigaous to the flanking one, the line AC, 
is still called line of defence^ The angle B A C, is in both cases called angle of 
defence. 

FiQ. 70. - Fio. 71. 
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Should the angle be smail, the men would fire on their own party; and if it 
were very large, the flanking could not bo effected except by an oblique fire. 
Therefore, limits have been fixed at from 90° to 120° for these angles. 
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As the superior slope of parapet is inclined at ^, the shot that follows the line 
AB, meets the ground at a distance CD from the crest, equal to six times the com- 
mand ; and if the parapet belongs to the face of a re-entering angle, the defenders 
oannot see the ditch before thorn for a distance MN, equal to six times the relief. 
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DEAD ANGI.fe. 



space which cannot bo seen by iho defenc^csj is called dead angU. It %» 
IB ineonvciiient'C of tlie rti-eiit-eniig angles- " lih tho ordinary relief of 
Kl works, the distanco CD is about 15 yards, tbat of MN 30 yai-ds. 
(59.) Salients are points of attack : wo obviate the inconvenience of the 
undefended space which they necessarily present, by artillery io the capital, Ijy 
accessory means, and, above all, by flanking. The critical moment is when the 
enemy arrives at the counterscarp and descends >"^*^ *"*-' <J'tch ; ehould he tljen bo 
unexposed, he may mine the work, or collect i" sumeient force to assault it 
vigorously. We have seen that along every fla"''^ race, AB, there is a dead 
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angle occupying nearly 30 yards ; if the feces then are shorter than 30 yards, 
no part of tho ditch is seen by the defenders. As, however, the enemy in reach- 
ing the salient B must be seen in tlie ditch, we are obliged to make the faces 
longer than 30 yanls. 

The inferior limit of faces destined to flank each other, has sometimes boon 
fixed at 15 yards, but tills dimension only permits a sight of tho to]) of the 
counter»cari> in front of the salient, and the whole ditch isdeail. It should not, 
therofuro, bo adopted for works from which a vigorous defence is expected. 

As for flanks, or lines of parapet intended to givo a flank fire on the side of 
a work, they may be made as short as convenient 

The maximum length of tlio faces of a nycntenng angle, or what is tho same, of 
Ihieaof defence, had been fixe<i at 180 yards, because the fire of the old mnsket 
too uncertain beyond that range. Tl.e mtroduction of the Ei^tidd rifle, wUl 
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permit .p i.«n»u« o( th"' <«»'«"<*• •>"' '.' "' ■"" l"'-«'''«= a great alteration 
L tb« f«« of field work., bec«.« there « »«""... «.y „eea.i<,„ to n.ake tl.em 
h»pr tbu. 100 yards- In some oa«», however, .t may ,„,,,,^„, advantageoudy 

W« be« d.d«^ {t">^ the naiur.' af tho arms uuptoy^j^ ^^ ^ ^^^^ 



PRINCIPLES. 41 

The extent of a work must be proportioned to the number of men intended for 
its defence. 

The outline must give as much direct and flanking fire to bear on the point of 
attack as possible. 

The salient angles must never be less than 60o. 

The angle of defence must be between 90° and 120°. 

The length of the lines of defence should not be lesa than 30 yards, and should 
not exceed the range of musketry. (See 435.) 

A work in which all these conditions are observed is called a good work ; but 
here theory must give way to practice : the ground to be fortified is given, and we 
must make the best of the foregoing principles ; but it is not always possible to 
apply them all at the same time. Although in theory a work without flanking 
is deficient, yet the conformation of the ground and the destination of the work 
may be such, that this consideration becomes of less importance, and the work 
may be nevertheless a good one. 



CHAPTER III. 



ON THE DRAWING OF FORTIFICATION. 



SECTION L— ScAXBB. 

(61.) The reprcBontaHon of a work of Fortification can be made of diffprent 
»ize8 according to the eud in viow, it being clear that the greater the accxirac^r 
required, the larger the drawing shuuld be. 

The length of a dimension of the drawing, compared witb that of tlie corres- 
[Mindiug dimonaion of the work on tlie ground, is ciillcsl tlie scale of the di*awing. 
TliDH, if a feco eighty yards in length, occupies hut one inc-li in the drawing, the 
Kalo is tJint of one inch to eighty yards. Again, if a wall n hundi-ed yards long 
ift represented by a line of 5 inches, the scale is that of 5 inches to 100 yards, or 
of one inch to 20 yarda. As one ineh represents 20 yards, or 20 x 36 =: 720 
tnchcii, we may say that every length on the ground is represented in tJio drawing 
by a dimemion 720 times smaller, and Umt the scale is of , i^. These two 
methodB of exprosMng the scale are identical, and wc may adopt ono or the other. 
A (tcalo of TiJTt* aignilyiiig tiiat the dimensions on pajwr are 63,360 times less 
tbaii their corresponding ones, on the ground, it follows tliat one inch represents 
63fSA0 indim, unA tliat tlie scale is of one inch to 63,360 inches or one mile. 

SupjKtsing tliat a drawing is to be made on tho scale of y4T* If wc draw a line 
tf Inohoi long, and divide it into 10 eqnal pai-tii, it is clear that each part will 
roproMHit 10 yard*, einoo fl inchen stand tor 100 yards. If we furtlier sub-divide 
ouch jiart into ti^n, tlio now subdivisions will each represent one yard. A lino> 
thun >ub*4lividtvl, in caillnd tho scale of tlie drawing, and wc can by means of a 
pidr nf iiunpaNMui, obviously um it on paper, as we would on the ground luo a 
oimiii or any ntlitir inKirument. 

Tv iXMiilnirl that kiwIo pro|MU'Iy, draw in pencil three parallel lines, abont -^ 
of Ml fabi'^ «|mH* uhd itiark ufTon the bottom lino five inches. Divide that length 
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into ten equal larts, aiid tbo lcf\-liand division into ten jiorta ugain. To divide a 
line AB, into a given number of equal pauta, draw dirongh the extremity A a 
line AC, making with AB any aiigle; on AC mark oft" any length A d, and 
take as many parts A d=dd'=d'd" m there are diviaions to be made on AB. 
Join tiho last point C with B, and through d\ d", d^, Ac, draw parallels to B C. 
these parallels intersect A B in points 1, 3, 3, 4, &c, equally distant Through 
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all these points of division, draw perpendiculars to the pai-allel lines, limiting 
those that mark tlio primary divisions by tlie top line, and those of the secondary 
divisions by the middle line. The perpendicnlar correspondTTig to tho 5th or 
middle subdivision, may be carried half way between the two upper parallels. In 
inking the scale omit the top line, and draw the lower one thicL In order to 

Fia. 77. 
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make this scale convenient for taking oft* distances, we mark U at the point where 
Uie primary and secondary divisions nipet, and we number successively 10, 20, 30, 
&c, fi-om left to right. The secondary divisions are oumljered 5 and 10. The 
unit of meatnu-e, "yards" in this example is written at the right, and the name 
of tho seale, either scale of t^-„, or scale of one inch to 20 yards, is \\Tlttcu 
above It. 

The method of using this scale is very simple. Suppose we want to take olV 
36 ^ards ; place one point of the compasses on the primary division marked 30, 
aud the other point on tho 6tii sulxlivision, tho length included between tho two 
points will I« 3Ci yards. Conversely, to value a tUmensiou of the drawing, take it 
with tho compasses, by placing one point on the diviaion 0, and reading the figure 
corresponding to the right point. If this point does not coineide with a primary 
division, move tlie compasses to tlio left, until the right point oorixysponds with the 
nearest division, tho left point of the instrument will tiicn mark the required 
suh-di vision. 
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r/^'f'i trv^hMtfrUcfcirQl rcpreMnt oar 600 7xrdi;dinde it into six equal parta,eaeh 
$^ wUU:h will ri ywwrt tOO yanbi nil>-4liiride tbe left bmd pert into tan, «adi 
of litM iiiMirWoM dcDOta* 10 jsrdii. These Kcooduy partB ve too small to 
kw furllMtr MttrHrlividod, the tcalo oumot, therefore^ show parts less than 10 rards ; 
Utl ir il ¥nm Mootmry to iiiaHc off single yard«^ we tbonld Itave recoane to a 
flwrUivl wlii^li tr« iImII bunttftar point ooL {See 62.) 

TIm< li^tiriiig of khb tcda is done exactly as in the former example. As for the 
rufrruMilstiv* fhuitfon, we observe that 360 ^'anla or 12,960 inches are repre- 
•niitiwl hy 3'7 incliM ; the proportion between a dimension of the drawing and 
III* Mto«l a)x«, is 'i'7i 12,060 or 27: 129,600, Therefore the repreeentative 
frlMlMlU ..(KuOfriVs* 

IL— To mnstruot ft scale of tVtv* ^ measuro yards. 

Ill tills okMi, liH'lios rnpnwmtinR 6 x I26(», or 7.'560 inches = 210 yards, we 
ilmll Imi«*i s iti<«ilu of mnyon'umt length if wo represent 200 yards. As 200 yards 
III- 71l(Ml iiM'lii'K MIX re|iresfnted by }^*'y;.=0'7\ inchce, set off 5-71 inches on the 
iNtilniii llfHt, ihrlil*! into tWDiity o'lual partit, and subdivide the loft-hand divi^on 
Into ton vi|iml pw-ts, fNicli Mfuiindury division shows single yards. The only diffi- 

Via. 19. 
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f^uhv Is l<* tlmw with ftunU^lotii ncciiniuy 5*71 inchos. Now 5-71 inches is the same 
ta 0^|i„ III* tU fltutuHit iiri dividing nuntcnitnr and denominator hy 2, the same as 
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285| fiftiethfl of an inch, Tf we hnvo therefore a scale on which are found Bftieths 
of an inch, it is easy to take off that Icn>rth as well ns any other expreaseJ in 
hundreilths of an inch. Such divisions of fifUeLhs of an inch arc usually fooud 
on protractorB, or Marquois scales (64). 

in. — To construct a scale for a drawing in which we find that 1-J- inches re- 
present 17*5 feet 

Take 60 feet as the whole lengtJi of Uie scale ; 1 7*5 : 1 '5 : : 60 : «, then 60 feet 

are repreeenied by - - --— =r 6'14 inches. 

IT '5 

Set off fi*14 inches, divide into six equal parts ; subdivide the left-hand diTision 

FiQ. 80. 
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nto ten: the secondary divisions will show single feet. As 17*5 feet =210 inches, 

1*5 1 
the representative firaction is Krfi~ yA(\ 

TV, — To draw a scale of ^V '<* measure feet and inches. 

6x12 72 
AHsume 6 feet as the whole length: t}iese will he represented by — ._-— ::z — 

^4*8 inches (Vw)* Set off 4*8 inches, divide into six cqnal parts; the di\-isions 
mark single feet. Subdivide one port into twelve^ and we obtain inches. 

Fio. 81. 
Scale of Vr- 



bxrnthixELct 



-t 






v.— To draw a scale of 8 inches to 1 mile, to measure yards. Since 8 inches 

reprcKcnt 1760 yards, 4 inches stand for 880 yards, and wo shall have a convenient 

leiigtii by assuming 1000 yards. Now, 1760 i 8 :: 1000 : x, therefore 1000 

8 yc 1000 227 

yards are repreaentod by - - ■ = 4'54 inohe8=^ inches. 

Dividing this leiigUi into ten equal parts, and subdividing one of them into 
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ten, the secondary dinsions show 10 yards. Smaller parts cannot be sliown 
(see 63). Tho representative fraction is Trrhrz^-^-^n,- 
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VI. In a French tirawiug we find a scale of French metres in which 70 metrcs 
mea&iiro 6-3 Eo^li^h inolics. Construct a scale of English yards for that ilraxving, 
J metre Ueuig aqual to 3-270 Engliali feet. 70 metres = 70 x 3^7 English feet 

_. 70 X 3-27 _ yQ,^ yards, which we find represented by 6*3 inchea. Fntting 

3 
76-3 : 6-3 : : 60 : x, we End that 60 yards are represented hy -1^^^^ = 4'05 



inelwit. 



76-3 



This length divided into six equal parts, shows partu of 10 yards, which 
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suhdividcd into ten gives single yards. Aa 70 metres = 228'9 English feet ^ 

2746*8 inches, the representative fraction will be — n^^ no — "755 

2740 3 jSIwo 436 

(62). When a scale is nHjuired to show minute lengths, tlie former method. is no 
longer available, and we have recourse to diagonaJ »raU», tlie construction of which 
will be explained by one or two examples. 

T. To draw a scalo of yttsu to show single yards. 

Assume a length of 400 yards : it will he represented by - — — =: 4^ in. 

Draw a line 4*8 inches long, divide it into four equal parts ; subilividc the lofi- 
hand part into ten; then oaoh subdivision shows 10 yards. Figure the scale aa 
an ordinary one, 100, 80, 60, 40, 20, 0, 100, 200, 300. Farullel to it draw ton 
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imifillK) and oquidiatant lines about Va of an inch aport Through tlie points of 
|irli«#»r/ diviniun, 100,0, 100, 200, 300, draw perpendiculars intereecting tho 
iMii pNi'Rlh'U, and numl)or the Ict^-hand perpendiculiir as in tho diagram. Join 



SCALBBl 



47 



the last point 10 to etiMivision 90, and through subdmBions 80, 70, 60, &c., draw 
parallels to 10-90, crossing the former ones diagonally. The scale is now 
complete 

Tlio diagonal lines being parallel to one anotlier, intercept segments of 10 yards 
on the other parallels ; bnt between the perpendicular and the dia^ronal the 
intercepted segments are of different lengths : and from a well known principle 
orgeometry» the ijart intercepted on the first parallel is t'q f^ ^ sulxiivision, and 
represents therefore one yard; ou the second parallel it ia -^i., on the third i^, and 
80 on, the figures written on the left hand per|>endicnlar indicating the number 
of yards intercepted. 

To show how to use this scale: suppose it is required to take off 268 yards. 
Place one point of the compasses on the intersection of the parallel numbered 8 
and the perpendicular 200, and put the other point on the interaeotion of the 
some parallel with diagonal 60. Thn ]cg» of the compasses will thus include 268 
yards, viz., 200 from o to 6, 8 from b to c, and 60 from ctod, 

II. To draw a scale of -^ to show foot and inches. 



Assume 50 feet. 



50 X 12 
This is represented by - . - ^ — ^ 8 inches. 



tndu*. 



Draw tt line of six inches, divide it into five equal parts ; the last part sub- 
divided into ten will show single feet. Figure the Une 10, 8, 6, 4, 2, 0, 10, 20, 
30, 40. In order to show inches, wo raitat divide the foot Into 12 eqnal 
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parts. Draw, tlierefore, 12 equidistant lines parallel to the first: through the 
points 10, 0, 10, 20, 30, aud 40, erect pcriwndicuhirs ; number the leit-luuid 
perpendicular, 2, 4, 6,8, 10 and 12. Draw the diagonal 12 — 9, and parallels to 
it, as in the former example- It is readily seen that to measure 26 feet 7 bohea, 
for instance, the compasses mostincludu the distance a b. 

The selection of the scale on which a drawing is to bo made is not altogetlier 
arbitrary, for it depends on tlie one hand upon the ilimensions of the paper, and 
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on tho other upon the degree of accuracy requirerl in the representation of the 

work. When we have to represent a work 250 yards long, it is evident that if 

our sheet of paper is only 8 inuhes long, we cannot employ a scale larger than 

8 inehctto 250 yards. Any scalo gmalEer tliun this would, on tlie contrarj'^ enable 

as to rcpreaent tlie entire work. Still, if wo were to employ a \e\y small scale, 

we should fall into a serious difficulty, because small details could not |wssibly 

be poprosonted. The accuracy requiivd must ihcrctore be our j^uidc. In tJie 

scale of 1 inch to a mile, for instance, a face of 10 yard^ would be represented 

by rfr of an inch, a dimension far too small to be appreciated or represented. 

If it were, however, necessary to represent everything within ten yards, which 

scale should we select? To answer this, let it be observed, that in sup{>using a 

drawing matlicmatically cpri-cct, we unavoidably commit, in reading it, an error 

due to the imperfection of our sight. We cannot appreciate a dimension leee 

than 1-iu of an inch, because our eyes cannot distinguish whether tho points of 

the oompasses arc within tIh of an inch too near, or too far apart This un- 

1760 
certainty in reading amounts to -Jqq =: 17 yards, in the scolo of one inch to a 

mile. If tho drawing must enable ns to appreciate 10 yards, the scale should bo 
such that t-^t; of an inch docs not reprcseut moiv than 10 yards ; therefore the 
scale must not bo less than 1 inch to 1000 yards. 

For the same reason, the scale in which a drawing is made shows at once with 
what degree of exactitude it may be read. In the scale of 4 miles to an inch, the 



smallest distance we can possibly measure is 



4 X 1760 
100 



= 70 yards. 



We have taken for granted lliat y.'ru of an inch is the smallest dimension which 
wo can appreciate, although divisionn of an inch into 600 |mrts have been 
obtained. In drawing, however, snch accuracy becomes an ilJusion, inasmuch 
as the paper on which we draw contracts and expands under tho influence of heat 
and nxuislure, and f-'^^- of an inch is already very small. 

(64). An excellent selection of scales U found in the instruments ciUIed 
" Marquoi* ScaUt^ whieh consiitt of a right-angled triangle and two flat rulers of 
wood- These instruments are very handy for drawing parallels and perpendiculars 
with. If it is i*equired to draw through point C a parallel to A B, jilace the 
bevelled edge of tho triangle on A B, apply a ruler 11 H to the hypothenuse, and 
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preRS it rlown with the left hand to ftteady it ; slide thn txianglo witli the right haiiJ 
till the edgo paases throngh C, when A' B' will bo parallel to A B. 

If a perpcndicutiu- has to bo drawn to A B through a point C, place the 
bevelled edgo of the triangle on A B, apply tlic ruler as betbro, and slide the 
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triangle till the small side D E passes through C, when D' will be pcri>endicular 
to A B. Instead of iipplying tlie bevelliHl edgo on A B, thu small aido might 
be phLced on itj and the trianglu slidefl till the bevelled edge passed through C. 
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Those two operations can, however, be made witli any triangle and any ruler. 
What distinguishes the Maitjuois instrument, and renders it ospecially lueful for 
drawing foilification with, is that it is so constmcted as to enable us to draw 
parallels at any refjuired distance ^vtthout tho help of comiiasHCs. For this 
purpose, tho triangle has its longest side precisely equal to three times its smallest^ 
and is marked with an index on it^ middle. 

Tlie rulers, one foot long, have two scales on each edge ; an ordinary Rcale a 
little inside the edge, and an artificial scale on the edge it^f: the divisions of the 
artiticiul scale are made exactly three times as long as tliose of the orduiary or 
natumi scale, and arc excluaivcly intouded to ho used in sliding die triangle. 'J'hu 
raduations of this oater scale extend both Mavs from the eent)*e. 
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If wo have to draw a line parallel to A U, and at 40 feet, for instance, from 
it, select the ruler that carries the natural seale employed for the drawing, and 
proeetil as in the former pixthlem. Place ihe lievpllcd edge of the triangle <ni A B, 
and adjust the ruler so tlmt an exact division of the artificial scale cx>iucidea with 
the index o. Slide the triangle until the index has moved from o to o' along 
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fortj' divisions. Th« line A' C will be parallel to A C, and at 40 feet fi*om it. 
This is easily proved fi'om tho similitude of the triangles A C H, A P H'. Since 
A H = 3 C il, therefore A IV— 3 V W, but A 11 = A H -f H H' = A H + o o'. 
therefore A H + o o = 3 P H' = 3 (C'H' + C'P) = 3 (C II + CT) and bub- 
stracting from botli sides tho equals A II and 3 C II, tliere remains o o' ^3 C'P. 
The artifi<nal scale behig thrt^e tiniea lar^r Uian the natural, it follows that C'P 
is precisely equal to tlic distance required. 

In the scale marked 50, we find that each subdivision represents -^\,- of an intfh, 
and we employ it, as stated above, (61, II.) to measure lengths expressed m 
bundredtlis of an inch. In example 3, we had to 8etofi'5'14 inches or ll* = \>^ 
tnaba. Placing one point of the compasses on division 25 of tho 50 scale, and 
tho oUicr point on subdivision 7, we have the required length. 

The M nrquois scales usually contain the scales 20, 25, 30, 35, 40, 45, 50, and 60. 
Tiking one of the subdivisions to represent one yard, the scale 20 =: ^|^ ; 
afl = bU; 30 = TTiW; 35= „W; 40 = -r,V^; 45 = iVToi 50=TiW; 

W on» NtilKliviiiinn represents ono foot, tho seal* 20 =: -^^-^ j 25 ~rli. ; 30 = -^ ; 
W K ,Ul 40= ,ir. ; 'i^- ri^'y 50 = iriir; eOrTT^TP Again, taking one of 
tho primary dlvikion* for one yard, we should have the scale 20 = >Si ; 25 = ^^q ; 

(•4^ A |MVlf«^»r gCiiertdly consists of a semicircle of thin transparent horn. 
U ^ hM»*tn>rt ttcranlonally mode of Imiss. Irs circumference is subdivided into 
•^IKV* ¥• Mf tU«f(n)C«, and iu graduations on the outer are extend from right 
lnh>tt UvMfc V K« IfcOfc whiUl uii the iimor arc, corresponding to tho rest of tlie 
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circumference, the graduations fi-om right to ieft run from 180° to 360*. The 
margin A B is parallel to tlio diameter 180—0. 

The instrument is frequently made of a rectangular piece of ivory, divided 
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and graduated fi-om left to right, as in the diagram, tho margin ooinciding with 
the dianietur 0—180. 

Wliatever be Its form, this iiistrument is employed to measure Uio angles of a 
drawing or to oonstruct (protract) the angles we require. To measure the angle 
formed by two given lines A C, C B : place tho centre of the protractor on the 
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vertex C, and the radius o, on one side C B> the other side irill indicate in D the 
value of the angle. 

To draw through a point C, a line ineiined to C B at a given number of 
degrees : place the centre of tho protractor on C (fig. 93), the radiua o coinciding 
with C B, make a dot D at the graduation required, and draw C D. 

If the point given is not in the line, place the radius marking the numlier of 
degrees reqnireil on the given line A B, and slide the protractor along tliat line 

K S 



5S 



PROJECTIONS. 
Fio. 93. 




until the margin passes through C, keeping the radius carefiJiy 
rlrawCD. ^ ^ -^^J 



and 



SECTION II.— Pbojections. 

A work of Fortiiication is bounded by a certain number of eu-f 

intersections are lines. To represent a work, we must, therefore, finj ' ^^ose 

constructing a drawing, which will show these lines of intersectio .^®'*" ^ 

relative positions. As a line may be considered as composed of a series P ™'r 

the first step that must be taken is the representation of points. This * ,^^*®» 

projections on planes. ® "T 

{Q6). The projection of a point on a plane is the foot of the perne ^• 

drawn from that point to the piano. Thus, if A be a given point in the nn *^^^^ 

"pace, and 
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M N any plane, the perpendicular A a meets the plane in a : and this point a * 
called the projectidn of A on plane M N. But it is obvious that any point of tK 
line A a, B for instance, will have for its projection on the piano M N the sam 




yMJi i; Uaeevtoiv. one jmyrt'tion on a fixed plane is not sufficient to represent 
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given point : all we can condade &om it is, that the point is situated somewhere 
in the line perpendicular to tlie plane through a. 

Suppose now a second plane N P standing anywhere at right angles to M N, if 
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A a' be drawn perpendicular to it, a' wiU be the projection of A on that plane, 
and, as before, we know that A must be somewhere in the perpendicular to N P 
drawn through d. The projections, a, a', on two fixed planes, will determine pre- 
cisely the position of A, since the two perpendiculars erected through a, a can 
meet only in one point. It is found most convenient to take for planes of projec- 
tions a horizontal and a vertical one ; the projection on the horizontal plane is 
called jo^n, that on the vertical is called eUvaiwn, If M N is horizontal, N P 
vertical, a is the plan, a the elevation of A, and the line N O, in which the planes 
of projection intersect, is called the ground line. 

The projection of a line on a plane is obtained by projecting every point ; 
thus, if from the points A, B, C, &a, of the curve ABO perpendiculars 
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A a, B &, C c, &C., are let fall on the plane M N, the line a h c is the pro- 
jection of ABC, and if M N be horizontal, a h c h the plan of 
ABC. As the projection of a straight line is also a straight line, if we only 
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A work of Fortification is bounded by seven planes, the slope of banquette, 
the banquette, the interior slope, the superior slope, the exterior slope and the two 
limiting slopes. These slopes intersect in 18 straight lines, which meet one 
another in 12 points. The projections of these 12 points, properly joined, give 
the projection of the whole work. Imagine a horizontal plane M N situated 
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beneath the parapet, and two vertical planes N P, M P beside it ; from the 
12 points draw perpendiculars to the three planes, and join their projections as 
they are in the work ; and we thus obtain a plan and two elevations. 
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Before showing the relation between the plan and an elevation, let as sm« 
how tliis method of projections can be applied to drawing on a flat sheet of 
paper. 

Let A bo a given point, a ita plan on M G, and a* its elevation on any vertical 
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plane N G, the ground lino being G G. If from a and of perpendiculars a B 
of B are drawn to tho ground line, it is obvious that they will meet that I* 
in tho same point B, so that a A a' B forms a rectangular parallelogtam • and 
therefore, A a =r a' B, A a' = a B. Imagine now the vertical plane turned about 
the ground line G G as an axis, in the direction N N', until it coincides with 
plane M G'. 

The line a' B remains at right angle to G G', and when a has come to e^ the 
line a" B is still periMjndicuIar to G G', and eqiml to a' B, or a A, the height of 
|K)int A above the horizontal piano. 

Taking tho surface of our paper for a horizontal plane, and supposing the 
vertical plane turned down till it coincides with it, wo are enabled to construct 
both plan and elevation on oar sheet. 

Let G G'be our jxround line or intersection of tlio vertical and horizontal planes, 
and a the i»lan uf u jHiint : the |>oint itself lies pomowhere in a vertical line 
passing through *i, and its elevation must be somewhere on the perpendicular 
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'3mwn fr^jm a to the ground lino, at a distance from B equal to its height above 
•» vmt.. If. then, a and n' are tho jtlan and oleviition of a given point, we know 
^f » iM* ■-•rcVallv aUwo «t at a ilititanoc c<iual to 15 «'. 
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Again, if a & and a' b' be the plan and eleration of a stnught line A B, we 
Bee that the extremity A lies vertically above a, at a distance m c^, and that B 
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is vertically above &, at a distance n (f, so that B is higher than A bynfr*— m a' 
^ b'f whilst a ( is the distance ^m A to B, measured horizontally. Apian, 
therefore, gives us the horizontal distances, and an elevation the vertical distances 
between any two points; hence, we can fully fix the position of points, and 
consequently of lines and surfaces. 

We have said that the plan is invariably the same, whatever be the position of 
the horizontal plane of projection : in the example of a parapet, imagine now 
the work resting on the horizontal plane itselfj the plan is not altered, and the 
elevations remain the same as they were ; but their bottom lines coincide with 
the ground lines. 
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Tho vertical planes being now tamed until they coincide with the horizontal 
one, we have the elevations and plan represented on the same sheet, the ground 
lines indicating the positions of the vertical planes, and the elevation of any point 
being still on the perpendicular, drawn from its plan to the ground line. 
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(67.) These principles once understood, we can proceed with the drawing of a 
few elementary examples of Fortification. Let us, for the first step, draw tbe 
plan of a parapet 12 feet thick, 8 feet high, and 20 yards long. 

In order to ascertain the true horizontal distance between every line of this 
parapet, let us draw M N to represent the level of the ground ; and erect a pcr- 
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pendicular A B = 8 feet, take A C =r 1 2 feet, draw the perpendicular C D = A B— 

^ = 6 feet, and join BD; take CN=C D and join DN; parallel toMN and 

-t-ii iftsc l«low B, draw a lino L O; from O to E carry the third of 4*25 = 1*4 
auL (on. E B : draw the jierpondicular E H, and a parallel L G to it, at a distance 
vr i -R?r or 4*5vl acoonling ad the banquette is inteuded for ono rank or two ; 
'W'Ti C v-X.^i: GL:=T*5 and joining; ML, wo have completed the profile 
=;:.iS- MIX V. no-., ii. MG, GN, HA, AC, C N, the horizontal distances 
e . jju c- qoT T unHication. 

. . .L* n 2ti vard**, represent the sub-crest (or projection of tho 
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lineof fire), and di-aw parallels to it at tbe respective distancoB a H=: 1*4, HG=:3, 
GM = 7*5, aC = 12, aud CN::r6, these lines will bo the projections NN' of 
the foot of the exterior slope, C C of the exterior crcat, H U' of the foot of the 
interior slope, G G' of tho top, and M M' of the foot of the slope of banquette. 
There remains now to be oonstructcd the slopes that limit the pampet at both 
extremities. Suppose Uiat tliey iilai)t at ^ : produce A A' of A a = half the com- 
mand =1 4 feet, and through a draw M N perpondiuular to a A ; take G ^ =r | tlie 

height of the banquette •=. ~ ':=HA = G<7; Go=t tho height of the exterior 

crest, and join M q^ g h, h A, H c, c N. If tlie slo^ie had been at j- as in the right 
extremity of this parapet, tho line M' N' would be drawn at ^ of tlie commaud 
from A', and the other dimensions would also be a third instead of a half. 

Tho plan of the parapet is now complete, and we sco that the length and position 
of the superior crest bciug given, together with the thickness of the parapet, tho 
whole figure is readily constructed. A plan conatracted in a siaUe would be suifi- 
ciont alone to enable us to execute the work, since the distance A C is eqnal to 
the thifkness of tlie parajiet, and C N to the command, minus a sixth part of 
thin thickness, everjtliing in fad being known, yet it is usual to write the com- 
mand near the snbcrest as we have done in this example. Elevations serve to 
give an idea of the relative heights of the various parts of a work at a glance. 

(66.) Sup[K>He now that an elevation of this parapet is to be made on a vertical 
planL*, wlio»e ground lino is X X. As an elevation, t»howB the true vertical 
distances, if wo draw a a parallel to and 8 feet above X X, it will be the elevation 
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of the crest, (Fig. HO), nDother pArallal dd' at 375 above XX, will bo the eleva- 
tion of the foot of the interior slope, and of the top of the slope of banqQettc, since 
both linos are at the same Ierol> and X X iteelf will roprcsent the foot nf the slope 
of banquotle. Aa the elevation of auy point liea in the perpendicular drawn from 
ita plan to the jc^round line, the elevations of M, M', are found in fn, m'^ those of 
A, gi, and h', ^,'m p and g, and lastly, the elevations of A and A' in *, «* ; the lines 
«m, i^m' being iu our example the clevatioDS of tlio liuiitiug slo{)e8. We do not 
represent the exterior crest because it is lower than A A* and cannot be seen 
throDgh the parapet It is evident that the distance between the ground lino and 
the plan, or in other words, the distance of the vertical plane of projection from 
the work, has no influence whatever on the elevation; but an alteration in the 
direction of that vertical plane at once clianges the elevation. Let na take M K 
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for the ground line; to coustruot the elevation, draw perpendiculars to M N from 
the pointa A, B, C, D, A', B', C, IX, H', and G', which wo can see when stajiding 
on M N, and looking at the work in llic direction of Uiese perpend icnlaro. 

Take the pointa 6, c, rf, 6', dy d, h', at distances from M N equal to their 
nspec*ive heights above ground, join these points as in our diagram, and Uic 
dctraUoii is completed. 
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(69.) A aecHon is the interBOCtion of a work by any plane. In Fortificafdon 
this plane is generally vertical, and it is onfltomary to represent not only the inter- 
section, bnt also that part of the work whioh is beyond the plane of section ; and 
the figure which thas consists of a section and an elevation, is called a sectional 
elevation or merely a section. Let ns construct the section of our parapet by the 
vertical plane whose ground line is M N. In order not to cover the plan with the 
figure, we draw a parallel M N' to M N on a convenient part of the paper, and 
through the points a, 6, c, d, e, /, where M N intersects the work, we draw per^ 
pendiculars to M'K', and take on them the points a', b'j c, <f, ^j/*, situated at 
distances from M'N' equal to their respective heights above ground; joining 
(^, 6', (f, (f , e', ff the section is completed, and if we want a sectional elevation, we 
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construct it as before, by projecting g, h, and Ij in g, h', ?, and joining d' cf, C* A', 
g' h'y h' V. To distinguish at once the intersection irom the elevation, we etch it 
as in the diagram. Sections are very useful to convey an idea of the interior of 
hollow constructions, blockhouses, casemates, &c., to show the thickness of walls, 
parapets, &c. When the plane of section is perpendicalar to the crest, the inters 
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section is called a profiUf aiid is constructed in tho samo manner, omitting the 
elevation. 

(70.) Let OS now constmct the plan of a work, tho outline of which consists 
of salient and ro-cntcriog angles. This is done exactly as hefore, repeating for 
each face the same oonBtructiun as for a straight para|}et Tho subcrest ABC 
being traced, we make a profile to obtain tlie horizontal distances l>otweeii each 
projection, and draw five parallels to A B, B C, CD. These lines cut one 
another in i', o, B, d, b, d, o', C, /, c ; and as the intoi-seetionfi of tho slopes are 
straight hues, we have only to join b' o, B b, and c' c/, Cc, whilst the banquette 
being horizontal thero is no such intersection of it 



In order tu draw the plan of Uie ditcli, tho profile is calculated and made, from 
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wliich we have the distances, V m, m n, n p, ;? 7, at which to draw fonr parallels to 
Uie foot of tho exterior a]Di>e. Tho limiting slopes at the cxtromitics of the ditch 
uKi fumuMl by drawing a line N V parallel to ^ m, and ^ or -jt of the depth accord- 
ing as tite slope is inclined at -f or 4, and by joining y* P, m' N. 
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In th« re-entering angles, tho ditch is drawn as in' .3, r, but at the salients it 
is osnal to trace it with n circle, haWng for centre the extremity R of the 
bcnn, iind limited by the perpcDdicolars U t, R <*, drawn from R to the top of the 
countcramrp. 

Elerations and sections are made exactly as in the former example. In tlie 
sections on G G' we have the vertical plane intersecting the line C/in «, the 
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altitude of which is not known : to find it, observe that C is 8 feet and / 6 feet 
above (»ronnd,and that * being in tho middle of C/, its height is ^ rr: 1 foot below 
that of G. If a had been at tho i>th of C/, the difference of lovol would have 
been -f foot 

(71.) If tho command of the work is greater at tho salient than at the 
extremity of a face (119), it is necessary to construct two profiles. Sup|K>se tho 
couuuauds to be respectively 12 and 8 ; on m n we draw a profile ; parallel to m n. 
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and 4 feet from it draw m'n'j and produce the exterior slope and the slope of 
banquette; tho second profile is thus readily found, allowing that the horizontal 
distances are the same for the banquette, interior slope, and parapet, whilst at the 
salient the slope of banquette is 15^^ instead of 7-^^, aud the exterior slope 
10 instead of 6. The subcrest (8) (12) (8) being drawn, erect AB, CD, aud 
A'B', C'ly [(crpendicular to it, and on thesis lines carry the horizontal distances, 
and join C A, D B, &c. The plan is completed as before. 
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(72.) The &ces of a work may sometimeB hare parapets of different thick- 
nesses, and a beginner may find some difficulty in drawing the intersection of the 
slopes. Let us, for an example, imagine two parapets, the one 3 feet, the other 
12 feet thick, meeting at a salient If wo draw two profiles we see that the 
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exterior crest in tho thicker parapet is much lower than the other; when we 
draw the parallel lines, it would be wrong to trace the intersections of the superior 
and exterior slopes on rf/ft, since the two exterior crests do not meet in /. In 
order to find the intersection, draw A A' parallel to the crest at 3 feet from it; 
being at the same level as cm, it will cut it in c, and cd will be tlio first part of 
the intersection : now as the two exterior sIoimjs are equidly inclined to the 
horizon, their intersection must bisect the angle n ap, and coincide with a 6, and 
since tlie points b and c l>elong to the two faces, the intersection required will be 
completed by joining b c. 
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These olemonte of drawing are snScicnt to enable a student to understand the 
various plans, seotious, profiles, &e, contained in this work, and to'sliow him how 
to construct simple ilrawinga. It would be too long to enter into the representa- 
tion of uneven ground, and the various problems connected with it, such as 
defilade, &c. ; and, moreover, it would be useless, siiiee drawing cannot be luurut 
entirely from a book: even in attempling lits first plans of fortificalion on level 
ground, a banner will need the assistance of a master. 

(73.) The outline of a fieldworlc is represented hy the crest, which is always 
drawn thicker tlian the other b'nes: in permanent fort iHeat ion tlie outline is shown 
by the top of the esrarp or cordon. This line, called mngvitrat^ is markoii still 
tlucker in prints, so as to avoid confusion, but when draw^l on paper it is maiked by 
a thick red line. The masonry is always traced with red ink, tlie earth with black, 
ami water with blue. The level piu'ls, sucli as banquettes, teiTcpleins of ramparts, 
barbettes, &c. ore left white, whilst the bottom of the ditch is coloured with a flat 
tint of ochre. The slopes are sometimes shaded with indian ink, and coloured green, 
The cflbcts of light on receding parapets is showed in elevations by skailing ; the 
parts cut in section are also coloured, red for masonry, ochre far oarth. blue for 
water, yoUow for wood, &c. ; but all these conventional signs are only employed 
for accurate drawings, such as are prepared hy engineer officers for estimates, 
projects, repairs, &C., &c. 



SECTION III.— ISOHRTMICAL PEOraCTlON. 

(74.) It ia often desirable to construct a drawing of an object, which shows 
at onco tho tluxso dimensions, length, breadth, height, and which makes on the 
eye a clear impression of its shape, and ut the same time enables us to measure 
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the true dimensions bj means of a scale. Such representation of an object, 
combining tlie advantages of a perspective view with those of projections on 
liorizontal and vertical planes, is called its isometrical projection. It is tlie 
projection made on a plane, which is neither vertical nor horizontal, bat is equally 
inclined to tlie three dimensions. 

Imagine a cube resting on one of its faces, its edges being vertical, then tlie 
plane of projection is perpendicalar to the diagonal A B ; and as the three right 
angles in A project in B on a plane, their pi'ojection will bo equal to a third of 
360° or = 120°. 

Fio. 120. 
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Without entering into a mathematical investigation of the method, let us at 
once show its application, and as a first step represent a rectangular block 12 feet 
lung, 6 feet broad, and 8 feet Iiigh, resting on a horizontal plane. 

The two lines representing the length and brcadtli of the base form in 
projection an angle of 1 20°, and the vertical edge is equally inclined on each side. 
Dniw, tlierofore, any vertical line A B, and at any i>oint A make the angles 
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WW = B A I) = 6(f, the three lines A B, A D, A C represent the directions of 
'hii Ihn l^i'H oruno t-orner, and since the jdane of projection is equally inclined 
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to them all, it is evident that eqnal lengths taken on these edges are represented 
by equal projections. Assume any scale for the drawing, and set off AE = 12 
feet, AFi=8feet, AG = 6 feet Through G draw GH, HK respectively 
parallel to A E and A F ; through F and E draw E H, F K parallel to A B ; 
throu^ K and H draw K L and H L parallel to G H and G K, and the isometrical 
projection is completed. 

In this projection we can measure distances in the three directions A B, AD, 
A 0, or in directions parallel to them, but not in any other ; and it should be 
observed that the scale which we employ for drawing the projection with, cannot 
be called the scale of the drawing, since any length of the reduced object is greater 
than its projection. 

If we have to represent an object at a given scale, say, ^ij, we must construct 
the isometrical scale; as the proportion between a line and its isometrical 
projection is 1 : '/^, we must reduce our scale -yV in the same proportion. This 
is done geometrically: draw two lines at right angles, take AB^^AO, and 
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making A D = B C, join B D, then B D : AD:: 1 : -s/^. Now, make the scale 
tV on the line B D ; take B E ^ I^ inches : this will represent 10 feet ; through 
the points of division draw the parallels 1 1,2 2, &c. to A B, and we obtain on 

Fio. 123. 




A D the isometrical scale, by means of which we can draw an isometrical projection 
in the proportion of ^V ^ the natural size. 

7 2 
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Through any point o draw a Tortical Hdg a s, and two lines a ae, a y, both in- 
clined at 60* to a z; ono of them, a x, will represent the direction of the length, 
the other that of the breadth of the parapot The plan ia first constructed : take 
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a^=lOfeet; 6'c'= 12 foot; tf'rf = U feet; d'^z=4i,feeU ande'/= 15^ feet; 
tliroiigh I/, c, <Vy e',f\ draw linos paraUel to o it. On a x tako a ;/ ^ 30 yards, draw 
g 71 paridlel Voay, and lastly draw tlie limiting slopes, at f for instance, by setting off 
A'fc"=A'A* = 5feet; ff(f' = ]^k'=Q (bet; J ^ = eV'=;'f'zz m'n(''=3-87 feet. The 
figure a f €' d'^fn m" ?' Itf h" g, is the plan of the parapet. The isometrical pro- 
jection is now readily obtained, if we erect through tlie various puinta of the plan 
vertical lines equal to their allitudes. Thus, tiirough 6", c*, </'', e", draw {tiu-uilels to 
a z, do the same tlu^iugh A", Jt", ?*, m", and take // 6 = A" A =: 10 feet ; <f^ c = k" A- =r 12 
feet, d" d = /« =r l"l := m"m :=7 J feet Join fed e baftimlkhg, and fr A, ck^dU 
e m, Tbo line dim thi» case c:innot be seen, and it is either oniiLte<l ur dotted. 

The isometrical projection of juiy work is constructed in tlie same manner : 
first we draw the plan accr)rdinw to the isometrical axis, and next we set offtlte 
vertical heights. To complete this chapter, let us apply the metliod to a square 
fort of the annexed profile, and in order to find room, let us moke the front eqtial 
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to 320 feet instead of 320 yards. The width of the glacis is, for the same reason, 
^ren shorter than it should be. 

Draw as before the three isometrical axes, xoaf,yoy'yZo£t and take the lino 
xox' aa Uno of a front Assume any scale as an isometrical one, and take oa-=: 
a'^160 feet: the points a a will be the plans of the two salients. In order to 
get the direction of tfao faces, wo might take a point on the axis o y at a distance 
=-^ of the front, and join ad to it ; bat as ih& directions of the faces are not 
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pnrallcl to any of the axes, we cannot carry distances along tliem, and therefore 
niber means most be found to dotorminc the position of the shoulder angles. In 
the aainc s<sile as before draw a front A B G C B' A', and produce B C aud B' O, 
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till they meet A A' in Q and Q'. Since we can moasaro distances on lines parallel 
to the axes, wo can do so with lines M M', N JT ; let us transfer to our iBometrieal 
plan the distiince o r =: O R ; draw through r a parallel to a a\ make r c rr r <r ^ 
R C ; take oy^roy'zzOQ, and join q c, q <^, c' a, c a, aud abe <^bi d is the iso- 
ractrical outline. The next step is to bisect the several angles of the outline to 
obtain Uie Hues of intersection of the slopes. Since the fonr salient angles of the 
bastions form the four comers of a square, which is isometrieally represented by 
a rhombus, and sinoo the diagonals of a rhombus bisect the fonr angles and inter- 
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sect one another at right angles, the diagonal tliat bisects the obtuse angle is 
[>arallcl to the vertical axis oz'. draw therefore through n a line ^ a' v parallel to 
Zf and through a a line u au' perpendicular to it ; these two lines bisect the salient 
angled. 

In order to bisect tlie otiier angles, we bisect Uioin in the auxiliary plan by B'S, 
(y*V which intersect N N' in S and T, and take in tho isometrical plan 
r*^US, r(=RT, and joui «b, s b\ tc, tc; setting off llie diatanues 
given in the protilu on the ash yy*, wc luake rrZ:= 1}, rie^4l, <t/ = 
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16a, r^ =; 12, g ft ^ 10, A £ =: 2, kl — 8. Through the points thus detej> 
mined draw lines parallel to r: c ; from the points where these lines intersect 
< «!, < c', draw paraWeh io e b, (f h' t and from their intersections witli «6''#i',draw 
parallels to ah, a' I/, and limit them rcspcctivclj at in*', vvr. Tt will remain to 
represent tlic counterscarp, covered way, and glacis: now our profile shows that 
the foot and topof thecounterscarjtarc fi2 and 88 feet reajiectively from the crest, 
if then in onr auxiliary plan we draw two lines parallel to A B and 'at those 
distauoos tliercfroui, tlio points P, P', in which N N' is cut, are transferred to tho 
laomctrical plan, by taking o j^ = O P, o p'^ O P' : drawing tlu*oughp and^ 
parallels to ft c, b' /, we have the plan of the counterscarp. The covered way 
and glacis are done in the same manner. 

Those lines of the plan wliieli represent lines lying on the gronnd, such as tho 
foot of the alo|>o of bamjuettti, tho two lines of the bcrm, and ihc top of tlie couuter- 
soarp, may be drawn at once ; of all the other lines we require only the inter- 
Koetiuus. 

Tlirough the points r, dp e, y, I, draw parallels to o z, and on them set off the 
corrc'sfHinding heights ^ven in the profile: through all the points of intersection 
di< tho same, and joining two by two the extremities of these parallels, we obtain 
tho isometrical projection required. It remains only to show how to eonstract 
the arc of the counterscarp opposite tho &allcnt angle. Draw an auxiliary plan 
of the salient angle of tlie bastion bisected by A F ; then A R, A C, parallel to tho 
borm at E F E', and at 44 feet (width of ditch) from it represent the top of tho 
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cjuntcrscarp, and the lines F G, F K, perpendicular to A B, A C, will be equal to 
tho radius of the are. In the isometrical plan, if from the salient a of the berra 
wo draw */y parallel to the flank c h\ it will represent the radius of the arc, and 
a lino « /3 parallel to tlie (lank of the adjacent front, will also ropreaent it. In 
this projection a. y reprewuts tlie distance A F, and this hne must be cut b\ the arc in 
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CHAPTER IV. 
FIELD WORKS. 

The Drr'fil*> ^^ ^ field-work has already been given, and it has been shown thai 
itit Mtan*larrl height is 8 feet ; and that the other dimensions are dependent upon 
*b w^-iirht of the enemy's metal, and the natnre of the soiL The ondines of this 

•rt of work vary ad infinitum, but we may classi:^ them nnder two beads, 

7 laUd teorh, and combined works or Lines. The former are enbdirided into 

and eneloted works; the latter into Continued Zmus, and Line$ vilh 

inUTvaU' 

SECTION I.— Opes Wokks. 

.--* Under th>» category we place all the works opened at the rear or 
ri and we may wd<"» ihem to diree types, whidi are, as it were, the elemnits 

of ■ninfim^*^*'*"*^ 

The Sedan or 6ecbe, fimned of two faces salient towards the enemy. 

Fia. 134. 
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this I. "'^'^^k^^AW ft C** "^ * Bank is called (tfaoaldcr angle. 
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3rd. Tlie Tenaille, formed of two faces, presenting a reentering angle to the 
assailant. 

Fig. 136. 



Among the many works derived from these, few have received a special name. 
The Double Redan. 
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The TenailleUead. 
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The Queue d'Sironde, or swallow's tail. 
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The Bonnet de Pretre. 
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All these may be somewhat modified, especially to obtain flanking fire, but they 
still retain their names ; thus — 
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A, A, A, are still called redans. 



PlO. 1«4. 



STAR- FORTS. 
Fio. 145. Yta. 146. Fio. U7. 
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Tbe oircular redoubt is rarely employed, aa it is more difEcuIt to throw np 
than tbc others ; the square is most generally preferred. The defects of the 
redoubt are obvious, viz., undefended angles before each salient, and imflanked 
ditehes. In order to remedy the want of Rrc at the salients, it has been 
proposed to trat-e them "on cremaillcrc," but this plan has not been found 
expedient in prnctioe. 
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(77). A Star-fort presents a series of salient and re-entering angles ; the number 
of salients may be four, five, six, eight, &.c. 

It is easy to percdve Ihat the Star-forts of four and five salients must Be entirely 
laid aside. Their outline is opposed to principle 58, sine© the condition of 

making the salients greater than 60", gives ro-onteriiig angles of 150° and 132". 

fUt. 149. 



The Star-fort of six salients is the first, the outline of which is superior to that 
of a redoubt, its angle of defence being precisely equal to 120°; yet it should 
not he employed indiscriminately, because tho enemy advancing on the capital is 
only exposed to oblique fire (fig. 150). 

In the heptagonal (fig. 151) and octagonal (fig. 152) Star-forts, the capitals 
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receive tlirect fire, which renders these two tracings preferable. Star-forta of a 
greater number of salients are not employed in the field, becauBO their garrison 
wonid be sufficiently strong to defend a fort 

The Star-fort is not so much preferable to the redoubt as would be imagined 
at first Right, because the greater part of the ditch is dead, the enclosed 
spftce is small for the twig extent of tlicir parapet, and their face« are 
exposed to en&Ude. Despite the defects of these enclosed works, star-forts and 
rodoubts are frequently constructed; and military history gives us lustauces 
of the great value of works having of themselves but a weak outline. Thus, at 
Montenotte, in 1796, a redoubt, garnsoned with 1500 French Grenadiers, 
resisted snccossfnlly during a clay and a night the repeated fittacks of 12,000 
Anstrians. The redoubt uf the Stuiuboul gate at Silistria, in 1854, stood the 
oontinuous attacks of the Russians. 

Tlie redoubts cstabHshed in 1855, at Kars, by Colonel Lake, owing to tlieir 
skilful disposition and mutual ilanking, resistofl for several months tbc efiorta 
of the Russians. 

A few words may be said on the tracing of thesfi forts : — 

I. To trace on paper a Star-fort of six salients, describe an equilateral 
triangle, trisect each sido, and on each centre portion describe au equilatoi'al 
triangle (fig. 153). 

rio. lis. 



2. To trace an eight salients' Star-fort, describe a square, trisect each side, 
and repeat the above construction (fig. 154). 
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3. This tracing k somewhat improved by replacing the angle of tlie square 
by an angle of 60*, since tbc angle of dofmiee is thereby reduced to 105". It 
is done by producing the sides a h, a b, till tliey meet in c, and joining A c, 
A c, B f, B c, &C. 



STAR-P0RT3. 



79 




4, The eight salients may be made equal. Describe a circle ; through the 
centre draw two diameters at right angles, and bisect each right angle. From 
the extremity B of a diameter, carry the radius B C on the circumference, tlie 
line AC will make an angle of 30° with A B ; so will A D. The other salients 
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may be traced in the same manner, or the construction may bo further simplified 
by drawing another circumference with radius O H, and joining each salient to 




the adjacent points of intersection of this circumierencp, with tlie lines O 1, 
O 2, O 3, &c. 
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f (78). A Jbrt is die name gtr(»i to any onclosed work po&seseing basUous; it 
may be square or peutagonal. 



Put. 159. 



0/ bastions. — ^Tho ecriotis incouvcnienco of dcntl angli^ has rendered it 
advisable to adopt a combination of such a kiud that in no pai-t of tlic ditch 
sboold a man bo stieltered from the fire of the defenders. The bastioned outline, 
discovered three hundred years ago, for permanent works, completely answers 
this purpose, and Is advantageously employed in field fortification. 

Let us suppose that a work of tlmt kind is to be coustrucled to defend a position, 
and let us take the case of a square forL 

The lines A B, B D, D C, C A, which vary from 200 to 300 yards in length, 
are called fronts, .'md for each of them the construction is tlie Hsune. 

Fro. 16a 



On the middle of the line A B, a perpendicular C D, called Uie perpeitdietilar 
of the front, is drawn ; and towards the interior, a length C D is taken, equal 
to -^th of the front Join A D and B D ; on tliese two lines measure the 
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(listaQOGs BE and AH, each equal to }rd of tho front; from H draw HK 
j>erpendii:ular to K B, and from E, E M pei-pendicular to M A. Join K M and 
A H K M E R will be tho outline of the kwiioned front, which consists of two 
half l>a8tioDs and a mrtain K M. 

The same eonstniction being repeated on each front, a bastion K H A O L is 
obtiiined.* The lines HK, EM are qaWoA fauh ; AH, BE, /ac«; KL tho 
gorge oi iha bastion; AT, tlic capital; K R, the demi-gorge; AM BK the 
linen of defence. Tho angles H A O, E B N, are the salient or fhniced angles ; 
H K B, E M A, the anglet of dtfcnce; H K M, E M K, tlie angles of curtain, or 
of tho flank ; A H K, M E B the shoulder angles ; and C A D, C B D the diminished 
angles. 

On inspecting this outline, it will Ije perceived tluit at whatever point tiie enemy 
prcscDta himself, he is exposed to cross fire in sevoi-al directions ; and that if D M 
is greater thiui 30 yards, there is no lonf^f^r a dead angle. 

The length of the i»er|>cndicular, GxckI at ^tli of the front for tho sqnara is 
made Jth for the pentagon, and ^th for figares of a greater niimhcr of sides. 

In homworks and erownworks Uie same construction is atluntLnl, hut the 
perpendicular which has been fixed for enclosed works so as to give more than 
60° to their Halients, may now vary from ,'^tJi t« T'«th. 

Many ongineera object to tho euiployment of biLstioned frnnta in the field 

because the defenders on the flanks arc liablu to fire at uach oUicr; but there is 

no doubt that for nn im|»ortajit position the hastione*! tracing is tlie bi'st. In 

ordur to give more iiio on the salients, tlie curtain has oceaaionally been broken, 

Fm. m. Kw. lti3. 




M Im liiMo diagrams; but it Iiccomes exposed to enfilade. The same may bo naid 
uH wtvftrAl olhor tracings, such aa the accoui]Huiynig. 
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Wkwi Ww ilia of » ba*Uonod front ia excavated parallel to Uio feces, flanks, 






'■.'!» 



BASTIONS. 



83 



and cartain, one of the great adrantages obtained firom this tracing is lost, as 
may be seen by making a profile on be. 



Fra. 165. 
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The shot grazing tlie counterscarp in a does not reach the bottom of the ditch 
until e, and with the ordinary relief, a c measiires 70 yards. It becomes necessary^ 
thflQ* to excavate the ditch, as below, which entails great labour. 
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Wheal time is of importance, the amount of excavation may be reduced by 

Fig. 167. 
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ir& -tlio prolongation of the escarps and connterscarps of the faoes 
l^fj^i; the ditch of the flanks is still without defence. 

^ofect, the whole mass of earth before the curtain may be cut 
(^ piano) surface of which passes through the crest AB of the 
^;g, if, situated 2 feet above the bottom of the ditch. 

Fio. 168. 




. ,,|odi6cation of the original tracing, which has been made for tlie 

.. jiinini'*l""6 ^^° deblais, consists in bringing the original cortun A 6 

''**''"' I . r; I) to the distance m'n' = mn = thickness of the parapet, becauao 

liicwunl t" * ^ " r— r 7 
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. , y^ ,if tlin dunk does not contribute to the defence of the ditch; but it is 

'"" ..(,vi'M>"it' t*" 'ar as the outline is concerned. 
m\ rtll Hit|' ^^1^^^ ^1^,^, ,|,uj If ^Ijjj gj^j^g ^^ merely intended to flank the ditch, a 

\Y*i iii'».> (^ 1^ BulHcioiit for that purpose, but the tracing becomes far 
j,»»^..mlloM •• ,,^j^,,^, 

m»w***M** "*' -ti . -1... 



m\\<\ \^* ^^^^^\\ ,^„|„„ i„ plucotl before the curtain, to mve flanking fire 



on 
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the capitals of the bastions, bat its small 8alien<7 does not prevent the enemy from 
attacking the bastions. 

(79.) The demi-bastioned fort has sometimes been employed. It is described 
on a sqnare A B C D. Trisect a side A B in 6 and E. Produce the adjacent 
side, making B L =: B E, join L A, and erect E H perpendicular to A B, and 
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repeat the same construction on every side. This is a bad work, having as many 
dead angles as half bastions. 

(80.) Among enclosed works we may place block-houses; these are em- 
ployed in woody and mountainous countries where timber abounds, and where 
artillery is not likely to attack them. Their outline varies ; the square and the 

FlQ. 172. 
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cross being the most general forms. The walls are formed of logs of wood from 
9 to 12 inches square, buried 3 feet, connected to sills and cap-sills, the latter 
consolidated by ^rders. The interior should be 20 feet wide, and 9 high in 
the clear. Loopholes are pierced 3 feet apart ; and a banquette, serving as a 
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impbod, allows tho men to fire through them. A parapet of earth and a ditch 
prevent the access of tlie enemy. 

Wiien artillerj' can bo brought ogninst these works, (heir wall is ma<le of two 
rows of logs, tho space betwoeu tho tiubcr being filled nyi with earth well 
ramuicd m. 

The profile of their walls varies ranch. 

no. 174. 
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Tho roof is oovei*ed with eartli 3 feet tliick to avoid fire, and render it bomV 
proofj audits sometimes famished with a banquette. 

Sometimes tlie blockhouse has two etorios, {See fig. 175) and machicoulis are 
pierced in tho projecting floor to defend the foot of the lower story. The men 
mter tlie upper story by means of a ladder. 

Kid. 175. 
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These works make good dofonsiyo barracks in a hostile country. 

Blockhouses were erected m 1849, in the bii»tton» of Vienna, commanding the 
principal streets, as a defence aguinst futnre internal onemiei in the Austrian 
capital 
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SECTION III.— CosrmjED Lnras. 

Linet is the name given to Uie intrenchmenU coostructod to fortify Uie position 
of an aiiuy, or to connect irnjKirtanI forts or retlotilita. According to tlieir object, 
they are called Intrencfud Positions^ Inifenched Camps, Linex of CircitrnvaHatton^ 
Limb of Contravatlation ; but the two last arc obsolete. (199.) 

With regard to tboir arrangcmout, they eitbor cover tho ground withont inter- 
mption, or arc composed uf works combined for a common defence ; in the first 
caaetlicy are called Continued Lines, ui the latter. Lines with Intervals. 

(81.) Continued Lines are generally to Iw avoided, on account of tliR amount 
of labour they roq^uire, which bears no proportion to their value ; in fact, the 
di'fenders may expect an attack on every point and prepare for it, whether real 
or false, and when onee the liuu is furced nX a point, it is altogether lost. Yet, 
there ore circum stances, when tliey are advantageously employed, as, for imtanco, 
to cover a besieging army. 

Their outline varies indefinitely. The chief sorts may, however, come uuder 
the following heads:— 

The Tenailte Lines. 

Fio. 176. 



The lAnes of Vauban or Redan Lines, with small or largo Redans. 
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Continued Redan Lines. 



Pio. 178. 
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Indented Ltnw. 



INDENTED LINES. 
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BastiQiud lAnet. 
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(S2.J In tlieae worfts we call line of fronts tbo line that joins all the salients, 
and zone ofdefencCt the grounti situated before thorn as far as a lino parallel to the 
front, and ou wliicb the enemy is withiu range of muaketry, tHo fire being sup- 
posed to be perpendicular tn tlie crest of the parapet. The deeper this zone the 
better, since the enemy remains exposed during a longer time. 

A discussion on some of these continued lines will give :m idea of the principles 
on which they should be traced. 

(83.) TenailU lirMi — As their salient and re-ent«ring angles are necessarily 
equal, tho opening of tlieso angles can only vary between 90** and \'20°. The 
minimum of tho faces is ah'cady kii{>wn as 30 yards (59). To fiud the maximum 
distanee between the salients, the following method will apply to any sort of 
tenaille. 

A salient BAD being traoed in direction, togetlior with tho line of fi-ont A M, 
and a line AQ being drawn j)erpondicular to tho face A D, to represent the 
direction of the Inst shut, it is clear that the capital of the next salient should cut 
this linu within range. Therefore, on A Q, measure A O visual to tlie mnge 
given, through O Aravr O K parallel to the capital A H, an<l tlie point A' where 
this Une intonwcts the front, gives the position of the next salient n-quirod. Sop- 
posing tho range to be 300 yards, the foUowuig results may bo noticed. 
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TAnailles of 


Faces. 


DistAQca between 
aalienU. 


Deptb of Eono 
of defeoee. 


Perimeter for 
lOOOynrdA. 


90° 


150yarda . 


212 yards.. 


212 yards... 


1414 


100° 


125 „ . 


192 „ .. 


229 


1305 


110° 


104 „ .. 


171 „ .. 


245 „ ... 


1220 


120° 


86 „ . 


150 „ .. 


259 „ ... 


1154 
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The inspection of this table shows that it is advantageous to open the angles to 
the maximum of 120°, since the labour is diminished whilst the depth of the zone 
of defence is increased. Besides, the enemy cannot enfilade them so easily, being 
obliged to come nearer the front to do so. 

In general, the tenaiUe trace has the drawback of presenting many points of 
attack, of requiring much labour, and of being exposed to enfilade. 

(84.) Lines of Vauhan or redan lines: — Vauban usually constructed two sorts 
of lines, those with great redans and those with small redans. The great redans 
had 80 yards gorge and 55 yards capital, the small ones 60 yards gorge and 44 
yards capital. In both cases the salients were placed 240 yards apart 

This tracing was bad, because the angles of defence were greater than 120°, 
and the imdefcnded angles were not flanked within proper range for the old musket, 
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whilst in front of the curtains where the enemy does not attack, the fire croBsed 
in three directions. 

The defect of the angles is now remedied, by making the redans equilateral 
triangles of 60 yards face. The distance of 240 yards, would not be too much at 
present. However, the range being given, the maximimi distance between two 
salients is found as for the tenaille by taking A E, perpendicular to A C, and equal 

Fio. 182. 




to the range. A further improvement may be made in this maximum line, by 
lengthening the faces of the redans, till they meet the perpendicular B H, drawn 
upon their direction &om the exterior crest of the adjacent salient 
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The minimum distance is obtained by the condition, that the last shot from the 
face at 0, shall graze the salient of the parapet in M. In this case the distance 
is 130 yards. 

Fio. 184. 






Supposing the range 300 yards, the maximum distance between the Htlients is 
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fanakiiig the curuia, bat it is evident that it gire« a grMtcr number of i^nts of 
attw^and that the bnmcfaes that rvpUc« Um> curtain bocoon «^ioa«d to «nliW)o. 
AaoAer iorm of the xedan line, b Uw foUowing, wtuofa u aouMthues c«n«d Um 



(85.) Indented lints. — Two sorta have boon employed, respeotiTOly callwl ^yroftl 
and small ** crcniaill^ra" Tho line of front was divided into w|iml jinvls of ISO 
or 90 yards, and perpendiculars of 40 or SO yanU drawn tlinui^h tlu> jiuints uf 
drvisioD. By tracing tho diagonals of tho roctaii^los thus ohtninoi). uithor to tlio 
right or left, and dropping perpendiculars from tlm jwint of division ujion Uioni, a 
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line was obtained which ea&ily adapted itself to oil varioUun of f^ound. ThoMi 
lino£ arc more advantageously employetl ahini; tliv aidr t»f hilln, iu» Ui9 Rliurt 
branches by an increase of commancl, admit of an ea»y dutiluilu (Chapter VII.) 
The long branches, owing to their inclination to tho front, render tliu unUUdo 
difficult, as the batteries of ricochet must be established rather iiufir (ho front. 

In taking the range into account, and adopting 30 yunis fur tlm niiniHiinn 
fiank, the greatest distance between two saliuntM is found by tho condition iliut the 
shot from one salient shall reach the capital of tlie next With a riuigu of 3(K) 
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whilst in front of the curtains where the eaemy does no* 
in tliree directions. 

Tlio defect of the angles is now remedied, by m; 
ti'iangles of 60 yards face. The distance of 240 ya> 
present. However, the range being given, the 
salients is found as for the tenaille by taking A V. 

Fio. 18:! 
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the attack, ami usumo the ofibnsive when the opportunity prcseaits itself; 
an immonse advantage over Continued Linos, whore the defensiye uttitude is 
compnlsorr. 

During tlie seventeenth and even the eighteenth century, continned linea were 
frequently employed to cover on army engaged in besi^ing a fortress, or to 
defend a position ; hat experience has made us wiser: wo no longer employ them 
in a sii^c, and wr have rcKoorso to linos with intervals whenever we have to 
defend a position of some extent 

At Arra», in 1G34, Tnronno made thrco false attac-ks on the lines constructed 
by Cond6 and the Arohduko Leopold, and succeeded in forcing them. 

In 16j6, at Valenciennes, the lines of Turennc wore also forced by Cond^. 

In 1706, at Turin, Prince Eugene dutbatcd Marsiu, who awaited him behind 
his lines. 

In 1793, the Prince of Cobonrg, commanding the Austrian forces (60,000 
men), was attacked in hia lines at Wattignies, by General Jonrdan, at tlie head 
of 40,000 French trooy»3, and was compoUed to raise the blockade of Maubeugo. 

It waa during the Seven Tears' War that the Prussians and Austriaus had 
recourse to [wwerfui combinations of lines with intt-rvals. The most remarkable 
were those of the King of Prussia, near Jauemig; those of H.R.H. Prince Henry, 
near Liebenthal, in 1759; tliose at Colbcrg, in 1761 ; and those of the Austrians 
at DippoldiBwalJe, in 1759; al Boxdorff, in 1761, and npon the high Eulenge- 
birge, in 1762. Tn the Peninsular war the most celebrated were thofie constructed 
&t Torres Vedras, by the Duke of Wellington, in 1810. 

(88). Linee witfi InUrvah. — The following formula for tracing a line with in- 
tervals may be taken as a fair standard. 

Divide the line of front into pai-ta of 300 yards, A B, B C. Bisect them in D, 
E, and through these points draw perpendicular DP, E Q, measming 120 
yards. Join A P, B P, B Q, C Q, and on these lines take 40 yanls on P/, Q/, 
to obtain the fares of the lunettes of the second row. If the points A, B, C, &c 
are respectively joined to the extremities /,/, of these faces we obtain the duection 
of the faces of the lunottea of the first row, which can also be made 40 yai-da long. 
This tracing will protect the second Uue against ciiBIade, and the angle of detonce 
will measuro 90*. The flanks are made 20 yards long, so as to receive four gnns. 
To trace them, fi*om the shoulder angles of the lunettes as centres, describe circles 
of 20 yarda radiL By drawing tangents m F, n/, &c., to tlicsc circles through the 
salient of the oroat of the para{>et of the first lunettes, the point of contact gives 
a second point of the flank, which will therefore mako an anglo of defence ^ 90^ 




An additional row of works can \te obtained by pro<lucing Uio faces Vf, Q/, 
of tJiu huietttis of tilt! seuond lino, measuring 20 or 30 yards on rM, and joining 
Q M and P M. These i-cdans aro not exposed to enfilade. A foiirtli line of works 
would be superfluous, as the force wUioh would allow Uio three rows to be carried 
could not bo exjiected to dcfond a fourth. 

The defensive propeities of tlits lino are groat, for the assailant must carry 
tliree works of the first row, two of tlie tHX'ond, ami one of tlic tliird, altogether 
BIX works before an opening can bo made. The amount of labour for 1000 yards 
is only 1000 yards of parapet. 

It is usual in all lines with intcn'ols to eonatmct the ditches of the works 
of the first and scKrond row», p:Lmltel to the faces and slanting into a rompj so as 
to expoHO it entiruly to the fire of the work in rear. 
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(89.) To complete the nomenclature of field-works, there ranaina only to 
mention Uio r^duiUt or interior retrenefaments. They are works of any out- 
line thrown up in tlie interior of a largo work (fig. 196), and overlooking the aur- 
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rcnmdillg terroploin, either to serve as a pltico of refiigo to the garrison and facilitate 
ita reti-eat, or to keep possession of the principal work with a small force. Such 
reduita aro difficult to establish in tlie field, inasmuclx as they imply a work of 
great magnitude, and, unless the ground l>e very uneven, they would lie too much 
exposed to the plunging fire of the enemy mounted on the parapets of the intrench- 
ment Besides, if the garrison perfoiTu its duty, it will remain on the banquettes 
to the last moment, and the enemy would eutor into tlie reduit pMe-m<^le with the 
defenders. If, however, this interior retrenchment be ]>Iaced in some re-entering 
part, where the defenders can retire under the protection of ita fire, it may 
become most useful. When a garrison, after having repulsed several assaults, 
has been reduced to a small number, and has become too weak to hope for a 
vigoroua resistance, a reduit cau then serve as a refuge and a citadel. 

A circular redoubt, altliough deficient in outline on aciwunt of its diverging fire, 
has sometimes been found an excellent reduit for a system nf openc<l works. 

Fio. 197. 
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A block-house may serve as a defensive barrack and interior intrenchment, to 
guard a larger work. In moimtainous countries, among hostile [lopulntions, such 
block-houses surrounded by field-works, which the garrison can defend if neces- 
sary, have been found most advantageous to occupy the chief passes with, and to 
pn>t«ot the resting-plaoeB of convoys with. 
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It is chiefly in the works destined to cover bridges (183) (tStes-do-pont) that 
interior retrenchments are met with in the field. They are^ in fact, indispensable. 
When the array retreats, it first collects behind the principal work, whose artillery 
and musketry delay the advance of the foe, and give time to the troops to cross 
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the bridge. As soon us the principal work has fulfilled that pnrpose, the reduit 
continues to keep the enemy in check in the terreplein in front, covering the last 
retreating body ; and, as soon as the bridges have been destroyed, its small 
garrison hastily retires on rafbs or in boats kept ready for that purpose. The tSte- 
de-pont of Cassel, constructed by the French in 1 792, was intended to allow space 
for 20,000 men to fight, and yet it could be defended by 3000 men only. The 
works thrown up at Nordheim, on the Rhine, in 1744, by the Prince of Conti 
while retreating, afford an example of the most judicious employment of the 
t£tes-de-pont with redoits. The tStes-de-pont erected on the Vistula in 1806 and 
1807, those on the Danube in 1809, that at Dresden in 1813, that of Fraga, on 
the Vistula at Varsovia, &c., present similar dispositions. 
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CiiWeA a "placf dn moment.*' Ano[>en town in which magazines, liospitals, ifecwo 
established, is frequently transformed into a field forti'ess, and it should }K)ssess 
such outline and profilct as to oblige tlic enemy to make a regular siege. 

(92). To calculate tlie garrison of u work already eonstructed, wo innnsure 
tliQ perimeter of tlie jiarajiet, and allow one or two men jwr yard ; hut wilJi such 
a force the defence will be slack, and it U better to allow two men [)er yard, plus 
a reserve of one-third the whole garrison, i. «., a man per foot. 

If a liuiette has 90 yanla of paiapet, the garrison will muater 270 mem, of 
whom 180 are Htatione^l on the ImiKjuettc, and 90 are kept as .i reserve. 

Should nt'O ranks and 6le be deemed necessary, the gaiTiBon would ha 540 
men, 360 on the banquette, 180 as resen'e ; but the former number is quite 
suRioieut for a vigorous resistanix,^ Lot it bo understood tliat in meafturing the 
iwrimeler, we do not include the part ot-cupiod by gtms. 

When the garrison is given, and the outline of the work is optional, we acton 
the same principle. Let us suppose that we have to tlirow up an open work for 
480 men. Of these, 320 will bo on the baiiijuettc, and 160 ou reserve; at the 
rate of two men per yard llie poruneter uf the parapet is 160 yards. This length 
is tlien devised into the outline that will bent snit tho ground. 

In this example, a double redan will be preferable to a redan of 80 yards 
faces (6g. 205). 

jrts. 106. 
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In this calcalation, allowance should be made for gam, at the rate of IS feet 
each, and 40 feet for those in capital. 

When the work is an enclosed one, a new item must be taken intn consider- 
ationj viz., the area of the terreplein, every man roqoiring 15 square feet 
to bivouack. 

In »t;ir fort^ and bastion forti^ there is always more interior space enclosed tlian 
is required for tiio garrison, bnt in square redoubts tho case is diflerent. Tho 
distance between tho snbcrest and the terreplein being 12 feet, it is clear that 
there would be uo terreplein when tho side of the redoubt is equal to, or 1ms than 
24 feet, or titan 27 feet when tho banquette must bo 4 feet 6 inches wide. 
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A few examples will illustrate the niaruh In follow. 
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Let 118 suppose that such a redoulit must bo constmctod with one man per 
lineal yard of parapet Let N represent the gorrisou aud X the side of the 

4 X 

redoubt in feet. The garrison N =; -^ , and aa every man requires 15 square feet, 

o 

and the traverse 1000, the terroplein (X-24)* = 16 N + 1000. In solring the 
equations, wo find X = 73, N = 97. Hence, no redoubt with a face smaller than 
73 feet can be made which will bold it« garrison, and bo defended by ono man per 
yard; but any redoubt larger will do it, since the area of tJie torreplein increases 
more rapidly tlisui th+> iwrimetor, 

A similar minimum may be found for a defence by two men per yard; tho 

8 X 

equations would bo respectively N== —^ ; (X — 24)^ = 15 N + 1000, gi^nng 

X = 92, N = 245. 

For a defence by two men and a reserve N = 4 X ; (X— 24)'^I5N + 1000, 
fix>m which, X = 101, N — 404. 

Shoidd the n^fluubt contain ^n>i, the method rcn^iins the same. 

To conclude, lot us find tho smallest redoubt capable of holding two guns in 
barbette in capital, and one In ombriisure, besidt>5 its ganison aud reserve. 
4X — N+2x 40 + 15 =N + 9.'>; (X - 24)-= 15 K + 3 x 500 + 2x500+ 1000 

= 15 N + 3500 
The garrison zz 383 men, the side 120 feet, 

(93.) Wc have said (92) that stor-forta and forti« need no such calculation. 
Their dimensions are dctemiiucd on different ])rinciplea. The question may 
naturally Huggest itself, when should we construct a redoubt, or a star-fort, or a 
fart? SupiKitung tlio consideration of tho ground to bo laid aside, wo give tlio 
preference to the fort, next to the star-fort, since their outline is superior to that 
of a redoubt 

If in a star-fort tho faces arc less than lo yards, the ditch is entirely dead, 
and tlio defenders cannot even uee the ground immediately in front of the 
salientit; such works are not so good as redoubts, since they have their defects, 
and are more exposed to enfilade. But when the faces are alx)ve 30 yanls, the 
ditch is soon at the salient by the defenders, and the outline possesses good projMjrties. 
We therefore lay it down tliat the faces should be at least 30 yards long. Tho 
miniumm perimeter of a star-fort of six, seven, aud eight salients will, thoreforo, 
be 360, 420, 480 yards. Hence, when calculating tlie jicrinietcr of a redoubt for 
a given garrison, if wo find it above 3f|0 yards, we should prefer constructing a 
Btar^ort. The maximum of 160 yards has beon fixed hy some authors for the 
perimeter of a redoubt, because tliey consider a star-fort of 15 yards face a 
possible work, but the generality of engineers allow 360 yards. 

Tho perimeter of tho smallest S(|uarc fort, with a li'ont uf 200 yaixla, measures 
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920 yards, therefore tlio longest face which should !» given to the throe star-forts 
should bo V»% W» W» o»* 77, 66, and 57 yards. Above that a square fort can 
be constructed. 

(94.) To conclude tills Chapter, a few words on the minunum and niaximntn 
of ba&tioncd fronts may be added, for the use of more advanced students. 

One of tlie great advantage* of the bastion trace is, tliat it has no dead angle ; 
but we have seen tJiat this result is only obtained by excavating the ditch, before 
the curtain and flanks, as far as the counterscarp of the faces. Yet, If tlie front is 
loss than 200 yardm, this advantage no longer exists. 

To avoid the dead angle, it is necessary that the planes of fire of the flanks 
should meet the bottom of the ditcli, precisely iu front of the middle of the cur- 
tain. Witli a commaud of 8 feot and a depth of 9 feet for the ditch, the 

distance M N := 34 yarda. 

I-'io. 308. 



With a mean parapet of 12 feet, a berm of I fimt, and an escarp at |, the 
distance N Q =r 7"83 yards. 

By means of M N and N Q, tjio minimum of the front is calcnlnted. 

Let A C K L D B, represent the line of fire, e tf tlie foot of the escarp before 
the curtain : the distance L ;^ =: Q G =: 34 yards, and Q m =: 7 -83. Tlm>ugli m, 
draw rn, parallel to L P, and tlirough P, <iraw Pt;, pai-allel to DL. 

Fio. >o». 



The triangle A H P givc»: — 
All : AP : HP 
AM : AP : HP 
AH : AP : HP 



1 for the square. 

2 „ (tontagou. 
1 i» hexagon. 
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In Qrm, siiniliir to A H P, tlie above proportion gives ns respectively in 



Smmrc. 


I'eniAgon. 


HeiKgon. 


rm= 1-899 


2-151 


2-476 


Therefore mn=. 32'10 


31-849 


31-524 


In mLn also t^milai': — 






mL = 33-087 


33-12 


33-229 


ThereforeKL:r 66 174 


6G-24 


66-458 


In P m L also giiiiilar :— 






PL = 34-105 


34 '444 


36-026 


In P I^ J also similar : — 






Py= 8-526 


9-841 


11-675 


Lq = 35'l5i 


35-82 


36-92 


Therefore K^=: 3 1 -020 


30-42 


29-53 


AtVqis parallel to D L, K 7 : K L 


-: Vq : DL, 


hence 


DL = 18-188 


21-428 


26-27 


In DCL also similar: — 






CL = 72-752 


75- 


78-81 


RR=DC = 74-989 


78- 


83-073 



Now, A B = 2 A R + R R'. Let B D = x. Wo have A B = 3 *. Henco 
3j=;RR' + 2AR'. If in this equation we replace successively R R' by the 

values foundj and A U' by —7—, -r^ and -~ , we find x := 70*76 in the square, 

vl( vo3 vlO 

72*43 in the pentagon, and 75*34 in the hc:uigon, the corresponding &onts are 
ther^ore 212*28, 217-26, 226-02. 

Bnt if wo observe tliat a man even kneeling would be hit by a shot passing 2 
feet above the bottom of the ditch, the distiuiue QG may I>e reduceil to 30 yanls, 
and ibe cori*cs ponding front will be 187, 191, 199, or 200 yards in round nauibci's. 

(95.) This length varies in the same ratio as the relief: as tliu relief we liave 
adoptod = (8 + 9) - 2 = 1 5 feet = 5 yards we have 200 = 40x5. It follows that for 
a^ven relief R expressed inyards, the corresponding minimum front =: 40 (R — i.) 

Aa for the ma.vimnmj the line of defence should uot exceed the effe<;tive range 
of musketiy. Supposing u range of 300 yards; tlie lino of defence eannot exceed 
290 yards, allowing 10 yards for ttie thickness of parajMt and the width of the 
ditch at tho salient of the bastion. 

Now, a front maximum being a llgnre similar to a front minimum, we can 
llierefore make the following proportion: — 

Front maximum : front minimum ; : line of defence maximum : to line of 
defence of front minimum. Adopting the values fomid above, and calculating 
this proportion, we find suocessively the fronts 428, 427, 425. 

With a range of 200 yards, the results would be 281, 280, 279, or nearly 300 
yards. 

In general, the range L being given, tho maximum front corresponding to it \& 
rery approxiniatively ( I -47 1-) — 16 yai-ds. 

For further details on the calculutiuu nf a fi-ont, sec Ohajfter XX. 
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CHAPTER VI. 
ACCESSORY DEFENCES. 

The quality of troops greatly enhances that of the fortification tlmy are called 
to (lofcntl, yet the iwwcr of resistance of a work depends chiefly upon its outline. 
The grotuicj, liowevcr, may in some instances so far influence the direction and 
length of faces, that tlio deficiency of the undefended space of salients and of the 
dead angles cannot be ohviateil by a sufficient amount of flanking tire. Several 
accessory means have therefore boon hod recourse to, in order to remedy these 
deficiencies and to complete the defence. 



SECTION I.— ASTILLKBT. 

Artillery \& employed only in works likely to offer a good reMBtanoe, beeanite 
the loBS of gnns is a serions check. It may bo used to oppose ilio aitillory of tibe 
enemy, to extend the action of the intronohment to a further raugo, to flank a foce 
or a ditch, to pour round or gra[)e tthot on the ground in front of tlic salients. 

When destined to flank or to fire in a constant direction, oi>enings called em- 
hraattres arc made in the piirapet to tiro through ; when intended to command a 
surface of ground, and to fire in varions directions, the guns are mounted on a 
mass of earth called a pUtform, and ore said to fire "en barhetu^ (over the 
jMirapet). 

{ 96 ). Dati'etie, A field gun firen at 3 feet 6 Inches above the grou nd : the suifacc 
of the jtLtt/ortHt or its teriepleiu, in tliet-uforu at 3 fixrt H inches below the cn-st, 
und llie gun is carried tlieru by means of a ramp, 8 or 10 foet wide, and of aslope 
Tiu;}'ing, according to circumstances, from j^ to Vr* '^^^ tcrrepleiu necessary 
fijT the working of tlio gun is 15 feet wide and 24 feet long. 

It would l»e too long to enter into the details concerning the construction of 
every 6ort of borbcltcft, hut enc example may he given to sorvo aa a guidew 
Suppose the parapet to bu 8 feet lu'gli, the barl)ettu hehig 3 \ tvct below the crest. 
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stands 9 inches above the banqnette, therefore the foot of its interior slope will 
be obtained by drawing a b parallel to the crest, and *-^ inches from it. Making 
a&^lfijeet, and ac=24fect, the surface of the barbette is abed. If we 
imagine a slope at 45" tlirough b d, it will intersect the banqnette along e/parallel 



Fig. SIO. 




to and 9 inches distant from b d^ and the terreplein along the parallel m n at a 
distance of 4-1- feet, since the barbette is at 8 feet — 3'5 feet zz 4'5 above ground. A 
slope at 45** passing through a c will give the intersections e' f and m' n', and that 
passing through c d will give n n' parallel to and at 4-i- feet from c d. Joining b e, 
fm^ dn,c n', / m', and a e', tho barbette and its slope are completed. To add the 
ramp, take ^ 7* ^ 9 or 10 feet, and with tho ordinary slope of ^ make gg' =zkh' 
r= six times 4^ feet ^ 27 feet Take A o ^^' o' ^ 4i feet, join g' o, h' o, and 
g'p'yh'p. 

The ramp may bo constructed in the rear or on either side of the platform. 



Fio. 2U. 
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When the gun is to bo placed in capital, tho terreplein of the barbette is obtaincil 



EMBRATURES. 
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When a parapet is destined exclusively to cover a battery, the banquette is 
suppressed, and the £^aulment thus formed has only three slopes — ^the interior 



FiQ. 217. 




at -J, the superior at Vo* and the exterior at -f. A height of 7i feet is sufficient 

(97). Embrasures are direct or oblique, as their direction is perpendicular or 
oblique to the crest. 



Fio. 318. 




The inside opening ahcdt or neck, is 20 inches wide for guns and 3 feet for 
howitzers. It is cut vertically, and is never more than 4 feet deep. The outside 
opening or mouthy as measured under the exterior crest, is equal to half the thick- 
ness of the parapet. 

The bottom, or sill, or sole, slopes outwards to a point 60 yards beyond the 
ditch. For howitzers, the sole counterslopiis, to give cover to the gunners. 

The sides or cheeks are kept vertical at the neck, and decline from the vertical 
plane aa they diverge outwards ; this declination amounts to about I foot under 
the exterior crest. 

The genouillikre is that part of the interior slope of the parapet G, contained 
between the neck and the terreplein : it should always be 3 feet 6 inches. 
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EMBRASURES. 



To trace an embrasure either direct or oblique, draw the line A B alon^ which 
the gun is intended to fire ; at right angles to it taJce F D — D C =: ' the thick- 
ness of parapet Draw the neck tn n a 6, 20 inches wide, 4 feet deep and bv 
moans of a profile in which O represents the object fired at, ascertain the position 
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of Uio lino S II L. Join A C and produce it to H, join b F and produce it to L, 
II hah will bo tlio solo. Taking now CA = FZ= 1 foot, or, more exactly 
= ;t ttf ' 1*1 and joining 2 n, A m, the cheeks are formed and ihe embrasure is 
iHUUplttto. Tho embrasure 3 is for a howitzer. 

'l'ht»iv art) Hoverol other methods of tracing an embrasure. The method of 
((wwrtil Piwloy differs from the above in the construction of the sola He makes 
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rt » *^ wUW »> Uw iiwk. and 3 feet wide at 5 feet from it, whatever be the 

(V »t*(Wi* wUl IM» «* l«*rbotto, require a platform 15 feet by 24 feet 

Fia. 8S1. 
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^ i, ^rwtor tlian 7 feet 6 inches, it is necessary to 
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raise that platform, since the genonilldre must be 3 feet 6 inches, and the neok 
4 feet deep at the ntznost 
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The constmction on paper of such a platform resembles that of a barbette : 
anpposing the crest to be 10 feet high, the platform being 7^ feet below it, will 

7-!- 

stand 2^ feet above ground. Draw a b parallel to and at -^ feet from the crest, 

■> 
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and make the square abed 15 feet by 24. 

Now, as the banquette is 4 feet 3 inches below the crest, it is 3 feet 3 inches 
above the platform ; therefore draw m n, m' n', parallel iabcy ad, and at 3 feet 3 
inches therefrom ; draw also h e, h' e, e e', parallel to £ c, ady cd, and at 2^ feet 
from them, and complete tho ramp on the same principle as for a barbette. To 
finish the construction, it remains to find the intersection of the slope of banquette 
with the slopes at 45*^ passing through tho sides h c and ad. As the platform is 
only 2^ feet above ground, wliilst the points n, n' are at 10 — 4 feet 3 inches, or 
5 feet 9 inches above it, their intersections cannot bo nA, n'A', but will be tho 
broken lines np h, n'p' k', passing through the points p, p', situated on tlie slope of 
banquette at 2J- feet from tho ground. To find tlie position of these points, 
imagine a profile : let o v be tho height of banquette above ground, draw the lino 
tt' parallel to ov', and at 2-i- feet from it, it intersects o^ in o', and the line o'pp' 
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(*4tnkllol ^^ y 1^, detcnuint's the {Ki$itioii of p, p'. Tlius the earth will slant from 

»««, m H downwanls to the jilattorm, and from j9C,^'d downwards to the ground. 

Kmbntsxir*.'* tor i;im5 aiv usually pierced 18 feet apart, but for field guns the 

iiiior\aI inav Iv r*\hK\\l to lo fivt. This distance should be, under all circum- 
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»t;UK'\'!*, !»u**li »H to loaM* a merlon (M), or part of parapet intervening between 
two iivljrtvvut i*iubi'i»sun>!t, of at least 6 feet 

^1>S\ \^oi\i tor ^iu» tiriii)* en barbetU, and through embrasures, it is advisable 
tv> i'Uk-v' ptytifWtni or tKvw of wood, to prevent the wheels from sinking into the 
i««rlh. Tlu'ito |t|iittorms ithould slope 6 inches from the rear, to prevent the recoil 

Kio. 225. 

A\\<\ r»s'IIii!»to tlio niniiiiij; up of the gims. No slope, however, is required for the 
tO.urvvtitt'i of Un-boltoH luid of luortars. A square piece of timber called a A«rfer, 
„s! t t.iM tuv>, |'»v\oiits (Ito whoolit from touching and damaging the interior sloi)e. 

TNo v•..^ i\iit}.'*'i platform, intended for siege guns, was 18 feet by 12. Five 
v».\.s.^> »oi\' I'urusl j(u><h with the groxmd and covered with planking. This 

Fjo. 226. 
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^^ jUjKv Vrt'.K\l ^* <ht' sltH»|»ors, or fixed by ribands screwed or rack- 

■>. . »^H» v^ ^.*i.* »»!* 7 foot 6 inches by 6 feet 6 inches, and was ren- 
^ ^^r *u. »> -*v A^rw of«lrt>iH«r« at right angles. 
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In fortresaetf the old platform was 8 feet at the head, 14 feet at the splay or 
tail, and 18 feet long. 



FlO. 228. 




These platforms have been superseded by the^a(terw of ColoTiel Alderaon, which 
can be employed for field or siege guns. The sleepers and planking consist of balks 
all having the same length, 9 feet, and the same scantling, 5 inches wide by 3| 
inches thick, and they weigh 37 lbs. each. These balks are pierced with 8 holes, 
4 on each of two opposite faces : in theholes of one face, oak-dovels are introduced 

Flo. 229. 
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which fit into the holes of the opposite balks. The front and rear balks of the 
platform are secured to the sleepers by iron pins. This platform is 9 feet wide, 
and 15 feet long. 

A mortar platform can be constructed 7 feet 6 inches by 9 feet, or 9 feet square 
if decking the extremities of the sleepers. 



Fio. 230. 
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The Madras platform consists of two stout planks, 12 feet long, placed at an 
interval equal to the breadth of the gun carriage, and firmly secured by transoms. 
One or more trail pieces are Iwlted to the last two transoms. This platform and 

I 
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O draw a parallel OK to the crest, take Kpzzt O, and draw p R parallel 
to A6. 

(100). The obliquity of an embrasure rarely exceeds a few degrees, and is 
never above 30°. When the obliquity would prevent the muzzle of the gun from 
being run up through the neck, it becomes necessary to indent the interior slope, 
as in fig. 234. (20d> 

Fro. 234. 




SECTION II.— Defence of the Ditch. 

To defend ditches where no flanking fire can be obtained, caponiers, stockades, 
and galleries of connterscarp ai'o employed, but they require some time for their 
construction, and are only available in localities whore wood is to be found. 

(101 ). A caponier is a sort of block-house built under the escarp of a face ; it 
commonicates with the interior of a work by means of a gallery (fig. 235) ex- 
cavated under the parapet (fig, 236). It is often constructed at the salient of a 
redoubt The ditch is enlarged before it. 

I 2 
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(103). A stockade is a strong loopholed palisade (109). placed at the 
extremities of the faces of a redan, or at the shoulder angle of a luQette. Means 
should be provided for passing into the ditch. 



Fio. 239. 
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Oaponieri and stockades ought not to be exposed to the enemy's artillery ; the 
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wider the ditch the greater is the danger, since a pitching fire can destroy them at 
a long range. Counterscarp galleries offer in this respect a better disposition. 

(104). One of the defects of the outline, the dead angle in the re-entering angles, 
may be remedied by a simple process. 

The parapet is brought back a few yards along both faces, so as to leave a 
berm of a few feet, to which the defenders have access by means of a small 



Fio. 241. 




passage. A loopholed stockade is planted on the edge of the escarp to give fire in 




the dead angle, and the men are covered from shots that might pass through 
the loopholes, by smking the terreplein of the berm and forming a little ditch. 

(105). When the faces of a work are of great length, it is found advantageous 
to break them, as represented in the annexed diagram. This construction is 
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called a retirade. The inconvenience of a dead angle no longer exists, since 
there is in M N sufficient space for a few men to fire on the enemy should he 
attempt to venture into the re-entering angle R of the ditch. 



Fia. 244. 
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SECTION III.— Obotacles. 

(106). To hinder tho approach of the enemy, to stop him under the firo of 
the nitron chnients, to pi-cvciif bis crowning tlie dtteh, and to render the assault 
both a difticTilt and a murderous work, several nccessorv means (obstacles) are 
employed when tlio surrounding country offers the proper material, and when 
workmen are to be had. We shall successively jiass these in review. Let it be 
premised that sueli obstacles ciuuiut always be erected with regularity; an intelli- 
gent officer, when placed In a critical po»ition, will at tho munieiit of omergpncy 
turn to advantage tho most insignificant objects. It xras thus that, in 1814, when 
the English surprised Ber^-op-zoom, tlio division of Skerret repulsed from tlie 
town into one of the'bastiuns, fuund there heajts of jwilisridea freslily cut, and 
availing itself of this simple cover, it suceeedc<l in checking tlie attaeJu of tiie 
Frencli for a long time, and would have maintained its position had it not been 
turned by the sailors, who scaled the escarp, whilst infantry renewed the attack 
in front. 

The absence of obstructions in the unflanked ditches of fieldworks is a defect 
to be avoided by all means. At the siege of Toulon (1793) tlie great redoubt 
was carried by the French because their storming party, twice driven off, waa 
permitted to re-form unmolested in the ditehea. The redoubt of San Femaudo, 
at Leri^la (1810) wa:^ taken in a similar manner. 

(107)- Palinadei axa made of young trees, or of larger ones split into two or 
tliree pieces, of a t.rianj;idar shape, and [Kjiiitetl, 10 feet long and 6 or 8 inches thiek. 
They are placed 4 or 5 inches apai% and are buried 3 or 4 foot in the groundy 

KtO. 345. 



wtere they are fixed to a riband. Another riband placed on the inside, at I foot 
IhjIow the top, consolidates the structure. They are placed at the foot of the 
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escarp, or of the counterscarp, and in the middle of the ditch • it i * *i,' 
case better to incline them ont^de, it being more difficult for the ass 'I 
them, but in no instance should thej be exposed to artilleiy. 
Thej hare sometimes beoi {Jaced on a benn^ and protected by a irl 
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(108). /VnMM are pRli»ado9 plaoed horizontally at the crest of the 
rathor ali^hily slanting downwards; they must not project farther than th f 
of the mcarp, in ov\\w not to aftbrd cover. Two ribands, as is seen in the d* 
biml tiHMU ti>jp>thor. A glacis usually connects them. They may also be Iml 
on tJw count«r»cart^ but thoy are then inclined upwards. 

FlO. S48. 




\V \w\\ jilttiwi w» \\w osiMirp they oflFer a serious inconvenience. At the stormin 
^^i'YW^ ISowvhw. »t Hmiiyoa, in 1812, the assaiknta threw their ladders in thf 
Wl^y^wv K4'W\^\^^ on U»o nlanting stakes,— and having passed over them, scaled 
tl»» jmi^i'ol bv wilna ihoir ladders on the step formed by these fraises. 

Two ortt|H*ut>M*rHU makt. ton palisades per hour, and three men can plant 15 



\kS\\U Ml II dti,v, 

.V,ss*a.^* ttiv i^linadns touching each other, andloopholed for musketry • 






" "'"^ t" e "'» "laioopnoled tor musketry; 

JI,hI liiuhtu- w«lls (fig. 249) : the timbers, 10 or 12 feet long, and 

Fio. U9. 

Mm 




wUx\\\ 11 hn'tuvt ..juHiv, mv Pmtk S ft«t into the ground. The loopholes, cut 
U'ltti'on («»' <t*lirtioiU plii^ii, ah» l\ fM apart* and 6 feet above the ground, with 
H UiiiiiU'Ho \i\ till* »\»ttv, oi- HI a di»ituuco of 4 feet only, and there is a little ditch 
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in front (6g. 250). The interior width of the loophole is 8 inches, the exterior 
3 inches. Tho exterior height 22 inches, the interior 18 inches. 

We have already said that they were employed to flank ditches, A Tambour 
is a stockade, redan, or lunette, erected to give flanking defence to a straight 
walL In the defence of villages, houses, &c., tambours are constructed before 
the gates. 

Fio. 251. 




Stockades were first employed by the Turks under the name of palankas. In 
the Burmese war (1825) most of the enemy's works were mere stockades. 

(110). AbatUs are made with trees, or with stout branches stripped of leaves 
and small branches and sharpened ; they are intermingled, and their trunks well 
fixed in the ground by a few pickets. Their usual place is before the countep- 
Bcarp, where a glacis must defend them. This obstacle is a very serious one, 
and we find numerous instances of its judicious selection,— at the battles of 
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Fribourg (1644), of Malplaquet (1709),of Fontenoy (1745), &c In 1792, tho 
forest of Bcval, between Weissenbcrg and Laiiterburg, was rendered literally 
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oBpnecnMe bv the Fren^L In 1810, at Torres Vedraa, the ravines wore 
secnm] in the sune nuDner. At Sefaastopo], in 1855, the Russians greatly increased 
tlie nesi$caiK« c£ diar wiwks br means ofaJtMHia. 

In panix^ a viU^c inio a stote of defence, the trees that border the roads are 
nviihr mined into a serious oh$tack> bj sawing IiaJf way through their trunks 
«i»i fixii^ their befcts on A* jmnuid. This forms what is called an entanglement 

VUI\ tlUvnur A-.iTW*are not so good, and require mor« labour; they are 
tfoRiM>i iif a laijy jois«, 10 or IS feet long and from 6 to 9 inches square into 
tJw skfef of whkii we tfriwn wooden pins, 6 feet long and 1 or 2 inches in 
diMnot«r. $«t>m«I are connected together by a chain. Sometimes they 
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v**^^vs|' i*\*K IV>- wv chiofly employed to close the gorge of a work to form 
^A<i\MsK'<*v v^' H^ «n^v(t tht> iiuxiad of cavalry. 

y\U' ^V^*«». rt>M» I to S inches in diameter, or thereabout, and from 
* »nk a Kv* K*»^x mui iwintod at both ends, afford a good obstacle wb 
^^Usvs* ** ^wwW \IUl»*»»w* ftxMU one another. King Henry V. won the battle of 
V«^sN^WV^. «s UIA* m ^HM»««iuonoe of having defended his bowmen with such 

Fig. S54. 




lu \\w K\iw\\ W»Uv » c«|H)«ier. or in front of the counterscarp, they may 

vU.n iWHs^\fWt Hi Iho Mtumof a ditch full of water, or under an inmida- 
\w\> *rt» hwhI Uko iMokotn. Thyy consist of stout nails 6 or 7 inches lonif so 
»viumw^Hl (h«l i^w |H4iil »lw»yrii stiuids upwards. When scattered on gnas 
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they are a sorioiis hindrance to cnvalry. The Romans, by the employment 
of crows' feet, were enabled to gain a complete victory over the Farthianfl, 
wliose numerous cavalry would have overpowered their legions, greatly inferior in 
numbers, Rnice, at Bannockbiim, is said to have employetl them with advantoj^e. 
(1 14). Military pit^, or Irons de Loup, placed in two or three rows in front of 
the countcrscar|> (at the saliente, generally), are a formidable defence. Tlieir depth 
may vai*y from 6 to 8 feet A sharpened palisade i» placed in the oeutrc. 
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Thoy may also to be made 2 feet deep, when there is no time at disposal. On 
no accomit should tbcy be 4 or 5 feet deep, becanse tbe enemy might turn them 
into rifie pits. 
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The attack of the Frenchmen the Little Redan and on the works on Careening 
Bay, in 1855, failed because the assailing oolnmns were thrown into considerable 
confiiflion by rows of trons-*le-loup, into which men stmiibled ia llie midst of 
the darkness caused by dust and smoke. 

( 1 15). Rifie pits are excavations 3 feet deep and 4 feet wide, affording room 
for two marksmen: they may be advantageously employed in front of im[>ortant 
positions, and in the operations of a siege. 

Fio. isa 



(116). FougasMS are mines placed at the bottom of small shaf^ snnk in 
advance of the counterscarp. They are fired from the interior of the work, by 
mouiib of a {lowder-hosc brought along one side of the shall, and carried through 
6 incites (fig. 259) below the ground: the exjdosion breaks the gnmnd, und 
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throws the asKailinj; columns into contusion. But they are of difficult construc- 
tion. Their distance from the counterscarp ought to be about tivioo their depth, 
otherwise the explosion would destroy this scarp, tlio crater of explosion being of a 
diameter eipial to 1 J the depth. (Sec 250, 258), 

SfifU fouffasses are formed of shells buried underground, either singly or in 
rows: generally they are placed in double boxes, the fuses passing into y^^ ^^ 
a coiuparUnont full of |>owdor, with which the hose oominunicatos. rYj fv^ 
At Badajos the French buried rows or nliaplcta of those sheila along ^^ ^^ 
the counterscarp of the breaclie<l taces. 

A Stone FougasM is of easier execution. It consists of an excavation S or 6 
foet deep, the axis of which makes an angle of 45" with the horizon. The 
powder is placed at the Iwttom of it, and covered wiUi a strong shield of wood at 
right angles to the axis, communicating with the work by means of a hose. 

Kio. 961. 



It is then filled up with stones, pebbles, Ac, and the upper part covered 
in with turf. A fougasse 6 yards u-idu and 5 doep^ loaded witli fiOlbs. of powder 
and 4 cubic yards of stones, when expliKtiiig scattei-s tlio material over a square 
S5 yards wide. At Gibraltar (1782) the defenders had recourse to them 
frequently. 

Foogassos are somedmea formed under works for the purpose of destroying them 
whan abandoned. In this case they must be laid 6 or 7 feet below the centre of 
tlie parapet before the rampart is built They may also be hud under iho 
t^rreplcin, as the Russians did at Sebmstopol in their redans. 

(U7). Inunda^ont. — When a stream is in the vicinity of a work, an inunda- 
tion may be formod by constructing dams across the valley; the water thus 
swells alHiVB the lumks and overfluws tlic country. To bo a serious obstacle^ it 
should be deeper tiian 5 feet ; and when this deptli cannot be attained, holes 
should bo excavatod here and there, ami erows' feet enip]oyod> to render accesi^ 
difficulu 
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The u|>-sido of a dam i» inclined at \j the down-side at \ or even at ;, when 
there are G feet of water on that side : with a steeper slope, the weight and fric- 
tiooi of the liquid wonld soon injure the work. The top, or crown, is horizontal, 
and 4 or 5 fcot above Uio level of the water up the Btream. The thickness at 
the top IB 5 feet, or double that dimension when it is exposed to artilk^ry. It is 
advisable, in order to protect it against that fire, to trace the dam obliquely to the 
ground which the enemy can occupy, the upside facing towards that directioilj 
because the down side is not so much covered with water. 

Flo. 265. 



The material employed for the construction, is extracted from a ditch excavated 
at about 20 yards below it, but if the earth found on tho spot does not bind well, 
Bome clay or puddling must be procured to form tJie centre of the dam, so as to 
prevent filtration. 

The dam is constructed by horizontal Iayei'», an opening being lefl in the middle 
to let the stream pass : when botli extremities are completed, a belt of sods a 
formed in front of tho opening, and the work is rapidly fiiiislied. 

When several dams are twnstructed, the distances at which tliey are placed 
apart, depend npon the inclination of the valley : they are calculated so as to 
allow a depth of at least 5 feet at the foot of the down side. 

They should be defended bv works or batteries in the rear. Waste weirs arc 
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constructed in each dam to let the fiU[)erfluoua water run over into the a/Ijoining 
inundation, but as it would rapidly injure the dam if it were allowed to run over 
itjt eartheni sluites, tho sides and bottoms of the wtsir ore strongly riveted with 
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CHAPTER VIII. 
DETERMINATION OF THE PROFILE OF FIELD WORKS. 

SECTION I.— Defilade, 

(119). When a field-work is to be erected in the vicinity of a height that 
oommands it within the range of inuMketiyj it becomes necessary to conceal its 
interior irom the plunging fire of the enemy. This is done sometimes by modify- 
ing the outline ; otherwise, we arrive at the solution of the question by altering 
the relief — either raising the parapet or depressing the terreplein — an operation 
called Defilade. 

This is a very important problem, inasmuch as the very purpose for which the 
fortification is made is not obtained if the men are not covered : they must move 
witliout being seen on the banquette and the terreplein. 

In open works, the gorge is the limit to which the defilade must cover the 
garrison ; and in lines, this limit must extend as far as 20 yards in rear of the 
innermost tracing, because much space is required for the large bodies generally 
occupying these works. 

Lot us suppose H a height, within reach of musketry of a lunette, G a point of 
the gorge, and A the salient. 

Fio. 264. 




By the line of gorge and the commanding point O, we imagine a plane called 
the Plane of Site, the trace of which is here represented by the lino OG. Parallel 
to and 8 feet above it, anotlier plane, the trace of which is here represented by BC, 
is called the Plane of Defilade. 
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If the Croats of the work are kept hi this plane, the terroplein and the gorge 
will evidently be covered. 

The ineroaso of relief must not exceed 4 feet, otherwise another position or 
another outline must he seleetod for the intrenoliment 

The defihxde can al«) he efiectad hy sinking the tcn-opleio and keeping it parallel 

tu the plane of defilade. 
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Ill such case tho ditch becomes smaller, or a glacis must bo constructed to get 
rid of the surplus of earth. The first methofl is preferred in the field, when time 
ifl a matter of importanoe. 

If the work is to bo defiladed from artillery instead of musketry, the plane of 
defilade is 4 feet oiJy above tho plane of site. 1000 yards ia generally the greatest 
distanoe from which we defilade a work from artillery fire. 

The great difficulty of defilade consists iu tho proper selection of the plane of 
site ; this plane should jasa over all the commanding ground, therefuro it is not 
tlie highest point, i>iit that point whoso apparent elevation is the greatest, which 
the piano of site should pass through. 



I- 10. iM. 



(120). When the commanding ground is in fix)nt of an open work» there is no 
difficulty in defihtding its terreploin, or even a larger zone of ground in its rear, 
as is tho case witli t6tc»-tle-pont, when the hridgti or dam they protect must ho 
concealed from direct view. lint when the work iw enclosed, tho problem is more 
difficult. It is clear that in raising the part o( parajict nearest to the height, the men 
mounted on its banquette become exposed to the reverse fire ilirected over that 
part of i*r8pet which is more remote from the commanding ground. Thus the men 
standing on tlie banquette a> are exposed to the firo directed from K, and tho 
more so in proimilion as the {Kirapot is made higher. In this case, ilie most 
advantageous that may occur for an enclosed work, the terroplein is defilade<l, 
yet it Is neocasary to erect a truvorso or panidotf to cover tho men from 

Via. 3«r 
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the reverse fire directed frum K, (C and H are supposed ta be at the limit from 
which we must dcfiliulo,) to 8 feet above tlte banquette a. (134.) 

This parados would not always be sufficient, as in tlie following cose where 
tlie men on banijuettc a, being covered from reverse fire from H, tiioso on 
banquette b, aro exposod to rcvcrBC fire from c Ilcrc the [laradob must be 
raised up tt) m. 

'Fio. S68. 
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Hence, to defilade an enclosed work, it is indispensable to constnict a traverse 
or parados acrofut its terreplein, when the work has the commanding height in 
fh>nt, or is on the side of a hill. 
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(121). Should the commanding height bo situated on the right or left of open 
works (fig. 270), a similar disadvantage attends them, and a parados is also 
necessary; and if there is a height on both sides as well (fig. 271), a traverse 
must be orocted, which will cover both liaiiquettes. 
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In the ca&e of an enclosed work, it is a matter of tlic utmost dlllii'ulty, and 
whenever the couuuaudiug ground is on the front and uu the side ut the same 
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time, two traverses across the tcrreplciu must bo constructed. Should it be 
commanded in all directions, it would no longer be possible to defilade it 
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(122). When the ground only rises slightly in front of a salient, a mere 
increase of relief, 2 or 3 feet, on a length from 4 to 5 feet of the parapet, called 
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a bonnetj is sufficient to prevent the enfilade. Bonnets are sometimes employed 
along faces, between guns firing en barbette. 

Traverses with fascine or gabion revetments fulfil the same purpose. Although 
these parados greatly increase the labour, and render the communication difficult, 
still, when time is abundant, they are most valuable. Passages are cut through 
them to enable the garrison to pass freely from one part to another, and they form 
a good shelter for powder magazines. Their profile varies : the thickness at the 

Fio. 274. 




top should be 3 feet to resist musketry, or from 6 to 9 to resist artillery. This 
top is either horizontal or inclined in a ridge to carry off water. The slopes on 
both sides are at -^ When there is not sufficient room in the terreplein for a 
travei'se of this kind, a mask of timber and earth may be substituted for it. 
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To protect the banquette from ricochet fire, small tntverBeB of this description 
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are Bometunes oonstrncted. As a drawing exercise, wo give the plans of two 
parados, one al<nig a face (6g. 277), the other at a salient (fig. 278); their top 
is horizontal, and their slopes at -{-. 
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We should avoid the necessity of having to defilade fieldworks ; but if seen 
from tlie plain, or from commanding points, a remaly must be found in simple 
methods: high parapets should bo avoided, and traverses made very sparingly. 
The slopes of the ground itself should serve to defilade in the field whenever 
possible. 

It is a fact that defilade is but a poor remedy for the defects arising from a 
bad pwition ; it is very seldom tliat a fieldwork can be properly defiladed ; and 
even when the terrcplcin is covered, tlic lianquettes are much exposed, and the 
work is nniit to make a good defence. 



, SECTION II. — Calcilation of the Di^.blai and IlEuni^i. 

(123). The earth extracted from the ditch must be in sufficient quantity U) con- 
struct the parapet and its slopes. In permuneut fortification, when time and means 
of transport are at our disposal, we may deviate from this rule; but in tlie field 
when we are obliged to spare time and reduce as much as possible the number of 
workmen, tlic eqiuility between the deblai and remblai is indispensable for every 
part of the work, nay, for everj' face. Even then, if the faces are long, this 
condition is scarc-ely sufficient, since in defiladed works, where the covering mass 
lias a greater thickness at the salients, there will be great difficulty in transporting 
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with shovels the excess of eartli from the salient to the oilier extremity. To 
polve the jtroljlem completely, equality should exist for ever}' part of e«ch f»ce, Imt 
this wouUl lead to inconvenience as will hereafW be seen, and we content ourselves 
with establishing equality for every face. 

For works not defiladed, aiid having tborefore their crest horizontal, we employ 
the following method, whenever exjHxlition is required. 

We snppoHe the parapet and the ditch to have llic same lengtli, their volumoa 
will therefore !« equal if their profiles are equal, and the problem is simplified 
into this: knowing the area of the profile of the covering mass, to calculate the 
dimensions of the ditch so as to make the surface of its section equal to that uf 
the remblui. 

Let S represent the area of tlio section of the remblai. When eartli is excavated, 
it increases iu bulk, ajid whatever care be taken in ramming It in, the volume it 
occupies in the remblai will bo grenter than the space it filled in the deblai ; this 
increase of hulk, called joisonnementj is ^ in strong soil, -^^ in orilinary soil, and 

Vjf in sand. Represent it hy -^, and let the area of the profile of the (h'tch = S', 
we should have S^S' + -y, thorefore S'^ t— ^^ 
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If we take fur au example, a [>am|M:t 12 feet thick with a command of 8 feet, 
its area is calculated by decomposing it into llireo trapezoids and one triangle. 

Trapezoid ABCD = (^ + ^^ + ^) x 3-75 = 25-31 square fuot 
Pitto . . CDLH = (3'73-t-8) ^ ^ ^^^ _ g,22 ^^^ j.^^ 

Ditto . . HLPQ — ^^ ^ °) X 12 = 84 square feet 
Triangle . PQS = ^l-jJ) = ig square feet 



S =z 135-53 tiqmirc feet 

and in assuming a foisonnement =: ^^ the surlkce of the pn^le of the dltcli will be 

?S= 120-47. 
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This calculation of die arua of the pamjwt may bo simplified since th€ snrfAce 

Pig. 880. 



ADFM remains constant, whatever bo tho thickiioss, and is tK)ual to 22.'>'53 
square feet, with a banquette of 3 feet, and to 231*15 for a banquette 4 ft*et 6 
inches wide. Tho area required is equal to that surface minus the triangle F II M. 

BatFHM = FGM-FGH; FGM = ^^xFG=z A FG.FG __ fi^FG*. 
andFGH = ^xFG = ?5-- Therefore F H M = | FG*. 

Ilence the total area of the profile is given by the formula S := 225*53 ^ ^ 

FG being at once found by subtructmg a sixth of the thickness of the 
parapet from the command ft feet In our caso, S := 225*53 — ^ (6)' =: 135*53. 

This calculation is not long, but for greatnr rapidity, the following rules are 
given in the Sandhurst course: add the bases of tlie superior and exterior slopes, 
and multiply by tho command ; or to Uiroo halves of tho command add ^- of the 
tbickmfss, subtract 4 ;, and nmlti]>ly by tFie coitiiiiand. 

The calculation of the area of the profile may bo simplified by a geumetrical 
construction, -nhicli consists in drawing tho profile on a largo scale, say, 10 feet to 
the inch, and making a triangle otjual to it 

Supiwsc tiic i>ai-apet 8 icot high, and 12 foot thick. Draw the profile 
A B C D E H. Join C A, draw B M parallel to it, and join C M. 

Fia. S8l. 
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The triangles M B C, M B A, being on tho same base M B, and between the 
same ^laraHpls are eciual, and as the part M O B is common to both, the remainder 
B C = M O A ; therefore tlie the two lines C B, B A may be replaced by C M. 
Again, join D H, draw E L parallel to it, and join D L : for the same reason as 
before the two lines D E, EH may !« replaced by D L. Lastly, Join C L, draw 
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D N parallel to it, and join C N. This line replaces C D, D L, nnd the trinngle 

MCN is equal to the given prufilc. Measuring M N with (ho »cale, wo Bnd it 

33*5 X 8 
equal to 33*5 feet, therefore the area of Uie profiled — ^- — -^134 square 

feet 

(124). PaBsing to the ditch, we observe that the slopes of the scarps are given 
by the nature of the soil (52), and that two dimensions, i. e. the width and the 
depth, can vary. In general we assiimo the depth, and calculate the width. Let 

D 1)6 the depth, * the width at bottom, -r the slope of ihe escarp, ^ ^^^ ^ ***** 
counterscarp. 

Fio. S89. 
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Thearoa S' = ABC + DEF + BDCE; butABC = 



AB. BC 



D EF = -^. , and BDCE= D ,z, thcrcforo S' = D jr +^ (^ + jX a simple 
equation which gives the value of CE. In our example, assuming a deptli of 
9 feet, and the 8loi>c3-^ = ^, y= ^ ^ ***™ ^^^"^"^ = »« + V (1 + 1) = 
9 * + 33-75, hence x =r 9-63. 

If instead of adopting a certain deplJi wo had assumed the width tc, the 

X ' /I 1 \ 
former equation becomes S' :=tcx + -5- (t "^ 7 j' * quadratic equation. 

(125). Tilts is only an approximate ineUiod of calculating the deblai, as may 
be seen by the diagram. There is equality alung tlic faces, but at the tiaiiunts there 
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is exoe«s in iho deblaj, and at the ro-cntcring aogles a deficiency which does nut 
compensate for it, the excels being always greater than Uie deficiency. In ordor 
to remedy this, the workmen whilst excavating are diroct*Ml to tlirow the earth 
obh'quclv towarits that part of the remblai where it is wanted; and to get rid of 
the surpluH of cartli either a bonetto is ocHutructed at the salient, or tho matorial 
is thrown up into a glacis. 

In a tenaillc wliero there is but one re-entering angle, the deficiency is snpplied 
by catting into the angle of tho comitcrgcaq), but this method has the incon- 
venience of increasing the area of tltc dead angle. 

Fio. 384. 



(126). Should a glacis be required, the ditch is lii-st calculated as above, and 
to obtain tho iucreaso of widtb x necessary to furnish earth, we havo, in repre- 



senting by b and A tlie base and height of this glacis, x-=. j/* { f\ t very ap- 

proximately. To prove this fonnnla, let us observe, tliat since rectangle 

' hh 

D A G E must be equal to A C B, wc have in calling the depth d, xd:^~- ^ and 

with tho foiaonnement — :, jf d (I + t>) := -=-. hence .r := ' - ^ .. 

For a traverse, the earth is oitlinr extracted from the nearest ditch, and enters 
into the calculation, or it is neglcctoil anil the remblai tjiken friMU a ditch excavated 
in the terreplein — either irom a ditch of the usual form, or from an excavation 
ha^'iiig B gentle slope, ho as to furu) part of the terreplein tt^elf. When the de- 
filade is practJRcd by linking tho terreplein, the mntonnl is at onoo obtained. 

In tho case of works Hanked by others, ramps arc fre»]uently cut to unmask 
tho ditch. In this as well as tn otJior circmnsianccs when the ditdi proves in- 
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sufficient for the defence, its width is increasod, and Uio excess of earth thrown 
ap into a glacis. 

When the work is defilnded by an increaae of command at the fialients, it 
becomoa nccesaary to ohtaiu the mean profile : thin is done hy calculating the 
area S , of the profile at the salient, and that of S, of tho extremity of the face, 

when S = ^ti-. 

For field purposes tlie method above explained is generally found sufficient. 
"WTien, howo'cr, there is plenty of time to prepare a work, a plan is drawn and 
more exact mothotb are resorted to, in order to obtain the volume of the rcniblai, 
especially when the works are de61adcd. 

(^127). Cenirobarvjtu method. A section is made in tlic mifldle of each face, 
and its area is calculated as aliove. This mean surface is multiplied by the mean 
Itnc o B, which ia the path of the centres of gravity of the various sections; the 
pro<inct giv*fs the volume. This line o B may be measured at tho scale of tho 
plan, and when the work iu regular, this method is rapid 
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(I2K), MetJiod of the prvtms. — But when the work contains barbettes, it is 
pivlVnible to divide llio surface of tlio giound occupied by tlie reniblai into tri- 
nu^uliir pflrtu, uwro or loas wide as tlie giound is more or less uneven, endeavour- 
ing tdwi to pIiMV the sidcA of iho»c iriaiigles under tlie projections of the various 
crpfttA. Tht' triangles thus become the projection of veitical prisms continued 
U>(wren Uie gn>und aiKl tlic planes of tlie rcmblai. Tho nolid content of each 
prlMu In wjual lo the arcdi of the base or prujectiun, multiplied by a third of the 
Ritut of it* Ihhv vi'rtical edgeft. The dimensions of the trianglch are measured 
by uKHin* "I" lit*' •**!•' "f tho drawing, tho various altitudes being also indicated by 
iW plan. 'V\w »um uf all the prisms gives the solid content of the work. 

'tUrm* Iwii nit'thoitK niny iK-oasioually Iw eni)tloytfd togetlier: thus In defiladed 
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works, whore the ground is rathor uneven, tho volumiJ contained between the 
plane of site and the ground is measured by the method of prisms, and that of 
the mass above by the centrobariquo process. 

(129). Supposing that by either of these methods tho volume V of the remblai 

has been found, that of the ditch V is equal to-;- ^ - - V. The mean section of 

tlie ditch multiplied by its length must be equal to V, but the dinionsions of the 
ditch arc unknown. Let V represent tlie urea of its mean profile, and L its 
length, PL = V'. Now, L does not vary much when the ditch is kepr within 
the nsnal limits of 8 and 12 feet; the width at the top is never less than 12 feet, 
and is seldom found greater thnn 20 feet. We can therefore select approximately 
the centre of gravity of a jjrovisional profile, and trace the line L parallel to the 
foot of the exterior slope^ say at about 9 or 10 feet. Tlie length L is measured 
with the scale of tho drawing, and by P L = V we 6nd P. With this value we 

can calculate the dimensions of the ditch as before, Prr "Dx + -^ - — I- 7). 

If the centre of gravity differs much from the position selected, we modify it 
and begin a fx-csh calculation, or we add or subtract from this ditch a certain prism, 

the width of which is given by y , D being the difference Iwtween the volume of 

Uie pronsional ditch and V. 

(130). This process is frequently employed.but thoru is anothermore exact which 
may bo pointed out. Let V he the Bwlid content of tho face A B. The vohmie of 
tho ditch, whose depth is rf, must bo equal to area afcc d«(fig. 287), multiplied by 
the litio ff e i^assing through its centre of gravity G (tig. 288). Let us divide llio 
solid content of the ditcli into two parts: the first we may imagine tu be generated 
by the triangle abc, tlie second by the parallclograiu bcde. The first volume 
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we know at onoe, since it is equal to the area of abc, multiplied by the patli g' c', 

let this volume Inorcasod by ^ be represented by v. We do not know the seoond 

volume, as the side ceis the unknown x of our problem. Let G" be the centre of 
gravity of Uic paralletognun b ced, situated at tho intersection of the diagonals, 
and O tlie eentn^ of gravity of the whole proHlo need. The distance O G" be- 
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tween Gt" *"*^ ^^^ vertical passing tbrongh tho foot of the exterior dope = 
Q"/ 4- T f -*-rii+«o, and in calling h the width of tho benn, CO ^— + -i- 

FtO. SRS. 
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Now, the circleH described from the ccntro O imd contained in the angle D 11 
of the righi-aiij^ed triangle D O H, have for tlic limit of their development tho 
line O 11', obtained by describing an arc H A witli any radiua O H, and carrying 
the lengtli of that arc on H H'. The line passing through the centre of gravity 
G" will bo limited in O*. I'roducing H'O and j^ A till thoy meet in *, and 
drawing X P perpoadicular to H H', the similar triangles thus formed givo 
X P : X« : : R H" : / C. The dimensions X P, R 11' are measured with the 
icole of the plan as for X «, it is equal to X T + T S, of which X T is also given 

far the plan, and T 8 already found = h -i-—-^ d + ^- Thewforo / C'< = 
^pi*. Putting HR = m,XP = «,XT = m',wo have /C' = '^(m" + 
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t* + -r — r d + -^ J =: a for instance. The area of Uie parallelogram bcde iii- 
eluding foisonncment '^^~n~\~7~}> therefore the volume required ia —5- (-*—)» 

and the total Tolume V = u H ^ f J, a quadratic equation. 

(131). In all that precedes, we have adopted a moan profile for the whole 
ditcb, therefore there will be too much deblaj at the extremity of the faces and 
not enough at the salieuts. The excew equally balances the deBciency on paper ; 
but in i>nicUce the earth must be transported where it is wanted ; and this trans- 
port, which tlic calculation of deblai and reinblai is destined to avoid, reappears. 

To obviate this, the workmen when exeavating throw the eartli obliqnely along 
tlie plane of site, every squad passing it to the next. Time is thus saved, since 
all the men contribute tu tlio task ; but impediments are unavoidable, and it re- 
quires a groat number of workmen. 

The only means to avoid this would be to have a ditch with a variablo section. 
If F and P* are the profiles of the ditch at each extremity, S'jS* the oorrcRpond- 

ing sectiona of tho rcmblai, P : F' : : S' : S-', therefore P* : -^— ^ : : S' : ^~ . 

p+p* . S'-l-S* 

but — 5— ia the mean section P, which is known, and — ^ — '* ^^^o the mean 

section S of the rerablai, tlierefore F : P : : S' : S, henoe P = ^ , and P" = 

o 

PS'' 

-=- . In this way we perform the necessary labour only ; but the workmen at 

one extremity will have finished before tliose of tho other end, and it is, for this 
reason^ preferable to adopt a constant profile fur the ditch. 
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CHAPTER VIII. 
EXECUTION OF ITELD WORKS. 

SECTION I.— CONSTBUCTIOK. 

(132). The outline and relief of a work having been selected, the first step to take 
in the constmction is the fy-acing of the subcrest on the groond. If the work has 
been prepared on paper for some combination of defence, its proper position on 
the ground must be found. This is done bj selecting a base line passing through 
two points of the ground, the projections of which are fixed in the plan, and setting 
off the lengths of the perpendiculars measured on the plan (fig. 289). 

Fio. 289. 







When there is no such plan, and when the work is to be thrown up on a given 
spot, it is understood that we direct its salients towards points difficult of access, 
and that we otherwise select the most advantageous site. 

The faces are marked by little pickets 18 inches long, placed at the angles, 
and they are either traced with a pickaxe, or, what is better, by means of a piece 
of tai>e. As for the Htiglc», trianglef* of cord arc found more expeditious than 



TRACFNG. 



141 



instruments, snch as sextant, &c. Three bits of cord of equal lenfrth knf>tted 
together, and stretched, form an equilateral trianj^Ie. and pve an angle of 60" 
(fig. 290). Tliroo pieces of the respective lengths, 3, 4, 5, form a right-angled 
triangle (fig. 29 1> 
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To trace on the ground a perjiondiciilar to a line, from a point in tlie same, 
measm-e ecjua] distances on opposite sides: drive pickets al each extremity, and 
bjr Bxing a piece of rope at each of them, and doubling it, the vertex belongs 
to thej perpendicular. 

To drop a perpendicular on a line from a jtoint without, drive a picket at the 
point, 6tsten to it a piece of rope .sufticJontly long, and in keeping it stretched, move 
round until the other end of the rope intersects the line on right and left. Half 
the distance between die two points of intersection Is tiie extremity of tlic 
perpendicular. 

(133). The tracing of open works and bastioned fronts presents no diflRcnlty, 
but for redoubts or star-forta a few words are necessary. To trace a polygon of 
five, six, seven, or eigiit sides, form an isosceles triangle of cord, having for 
^'^^ TJ h h w^ V of the whole perimeter, and for the otlier two equal sides a 
length of 1^-, f^, ff , or -H of the base. This tiiangle being stretched and carried, 
five, six, seven or eight times, as the case requires, will give the polygon. 
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For star-forta of six, seven, or eight salients, trace as above a polygon oF 
six, seven, or eight sides, and on each aide describe an equilateral triangle. The 
sides of these polygons should of course respectively be equal to xi, iV» and ^V 
of the whole perimeter of the star-fort 

(134). The projection of the superior crest being traced, the next step is the 
dejUaiUng of the work. The pickets planted at the various angles of tjie tracing 
aro replaced by vertical poles, and the operation proceeds as follows : — 
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of tho faoo A C (fig. 298) ; and to reduce its height it is erected as nooj^ to that 
fiu» as is convenient. 

Fio. 296. 



When, instead of one height there arc two in firont of the aaliont, the plane 
uf site must be laugeut to both, and cannot, therefore, contain also the line of 
gorge: it is also noccsRarjr to moke it pass only tbrongh one point of it. In 
general a sinj^Te piano of defilade will give too great a oomuiand^ iu which case we 
take two planes of site, and defilade separately each face from tho height in front 
of it, luid erect a parados to avoid the reverse fire. 

(135). Tills mutbod of pruceudtng is called duBlading by the plane of itita in 
opposition to a less expeditious way c-ullcd defilading by the plane of defilade* 
which consists in sending a man to the commanding ground to plant n stick 
8 feet high ; a rope is then fixed on two pickets at 8 feet above tho gorge, and tho 
visual rays passing along this rope to tho top of tlie stick being iu the plane of 
defilade intersect the various poles of the tracing at the required hei;:hts. 

(136). It is not found advantageous in tbo field lo defilade a work by sinking 
the terreplein, because the earth thuH obtained forming part of the remblai, the 
ditch destined to furnish the remainder would be too small, and would require to 
be widened, the excess of eai'th forming a glacis ; but if tliis method is not 
employet^t alone, it is ot\en had rucoursu to in combination with the other. This 
happens when Uie command found with tlie plane of site is too great. In this case 
a first piano of site passing below the commanding ground ia selected, and to 
complete the defilade by the excavation of the terreplein, a rnlo A R is fixed 

Fio. 39». 



to two pickets on the projection of the crest with its superior edge in tho first 
plane of site. A ttecund rule is placed in rear along twQ polos> and tlie 
observer moves it until its 8Ul»erior eilge, coinciding with A B, tonchos the oom- 
inanding gronnd. It is then nailed to the poles, and by its position it fixeft tlie 
plane of the terreplein. 
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At the rate we hare sapposed, there will be wanted about two men per running 
yard, and as the garrison is generally calculated at the rate of two men per 
yard and a reserve, there will be a sufficient number of hands. 

Another method of di^'iding the labour, is preferable for works of small profile. 
The workmen are told into two parties : the first have a shovel and a pick-axe 
each ; half of the second party a shovel and a rammer each, and the other half a 
shovel only. This arrangement permits the first party, whose work is the hardest, 
to change with the second without confusion, since their number is equal The 
deblai is then divided into rectangles 8 yards wide, and 16 men are allowed for 
each. The pick-axes, 8 in number, will be in the ditch, the odd numbers 
Fio 306 "^*"' *^^ berm excavating towards the counterscarp, the even 

" I'l I U Lrn — °^^ '" *^^ middle: these also excavate towards tlie counter^ 

^ ^^U scarp, and when they reach it they move to the berm, and 

_ LMmMJ — proceed as the odd numbers did, so that there will always be 
6 feet distance between the pick-axes. The shovels are on the 
benn, the shovelled rammers on the parapet In this method 
there will still be two men per running yard of parapet 

When the romblai is nearly completed, fine earth is reserved for the superior 
part of the parapet, to avoid s])Iinters. The slopes steeper than f, are supported 
by revetments, the others are pared when the work is completed. The terreplein, 
if necessary, is drained. 

(141). The men eomiwsln;^ a detachment are usually expected to throw up 
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their intrcnclimcnta themselves ; in some few instancca, workmen arc taken trom 
Amung tfte iiiltubitanta. It is then better to [>ny them by the task instead of b^ 
the day, and to fix tbo tnnk and the price ni labour. An offiiwr will find it the 
best pbm to employ at first a few men, and to pay them well for a day or two's 
work: it will soon regulate the daily task. 

Field-works are often thrown up in a great hnrry, and care must be taken not 
to begin a work unless there is a certainty of liaving it completed in due time. 
The following data will ser\'e as a l>a.<)t8. It ban been found that a man excavates 
a cubic yard per hour for a day of 8 hours in ordinary soil : in stiff clay ho 
would only do half of it, and in dry light soil he could dig and load on barrows 
nearly throe times as much. The very woret worker should never do leas than 
four yardi a day, tJux)wing the eartli 12 feet horizontally, or 6 ft«t vertically. 
A man can wheel 20 cubic yards, or 500 wheel-barrowfuis per day to a distance 
of 30 yards on level gronnd, or 20 yards on a romp. A horse can do the work 
of seven men. 

Let us calculate for example, the time necessary for throwing up a work having 
a command of 8 feet, and a parapet 12 feet thick. Constructing a profile (123t 
we find that the area measures 135 square feet, so tliat with a foisonnement of ^ 
the area of the debhii will measure 120 square feet. Adopting the first method 
for such a profile, as a squad occupies 15 feet, the solid content of the excavution 
will bo 120 X 15 = IHOO cubic feet, or 66 cubic yards. At the rate of a yard 
j>er hour, this will require abnvc 8 days' work. 

The fullowiog is extracted from the course of fortification taught in tiie French 
Military Schools: — 

" A work of 6 feet comnmnd, with piunpet 9 feoi tliick, requirCK 8 days-. 
7 fe«t „ 7 ftet „ 6 „ 

ejieet „ 6fc«t „ 4 „ 

„ 6 feet „ 4f(M:t ,; 2 „ 

"To obtain ■pproxitnately the tiina required for a work of greAter comniaiidi muhiply tho 
thickitvBA 01' tbo ^uirapet by the cummaiid exprpMcd iu virds ; the product givos the number of 
days. A work tun (vmX high, with a pariipet twelve fcf^t thick, will, tlien, requin; abuut 
3'3 X 4^ 13'2, helweeii lliirleon nr funrtei'ii days. In urgent case* tbijt tiiim may be reduced 
one half, by etcavatinK on butb flidt-K." 

Fio. SOT. 



For further details see 154. 

Tf a work is to l:»o thrown up in the proximity of tlie enemy when an attack 
niay bo made l>efore it is completed, tho parapet is no longer erected at oiicc. It 
is at first maile four or five feet thick, and in that state it is fit to rosist muskotry; 
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is nomposcd of two strong levera iihout 4 ftet long, having a rope ur a chain 
3 feet long fastened to each end. Whilst two men draw towards themselves the 
cxtrcDiidos of the lever, a third hends tlie fascine tightly with gada : a murk 
made on the chain enables him to see when the diameter is right Five gads 
are suiBcient for a small fascine, but a large one requires about fourteen 
of them. 

Five men can make a largo fascine in one hour, and three men a small one 
in twenty minutes. 

(143). (iabiom aix> cylindrical baskets open at both ends, 2 feet m diameter, 
and 3 feet high. Tlioy are placed close to each other in revetments, and c>an 
stand at a slope of ^. If used for a battery, the first row of gabions is surmounted 
by two rows of lust-ines; if for an interior slope, the gabions rest on a row of 
fascines half buried in tlio banquette, and a second i*ow placed above the whole 
completes tlie revetmeuL. 

I'lO. 3U. 




To make t]iem>a dli-ccting circle, with an interior diameter of 1 foot 1 inches, 
tB laid on a level sjiot, and from seven to nine pickets 3 feet 6 indies long, aro 
fix«l npriglit in the ground at &\mi\\ iljstiuices on the circuiafcronoe. The circle 
is thus raised and fastened to tlie middle of the pickets, iutd the basket work or 
randitig * or ird>y is made above it, by taking three rods and twisting tijcm 
alternately in and out round the pickets. When tlie rods are expended, others 
aro taken and the work continues, cart* being taken to striko do^vn tlio woh 
now and then to make it stronger, and to fix it to tlio pJeketB by gads when it 
is finished. The gabion is then turned, and the other half finished in the same 
manner. The ends of the pickets are cut off about 1-^ inches from the rauding 
and pointetl. 

Two men can make a gabion in tlnve quarters of ixn Iiour. 



* Wbeii the wb u nude vHtb mora thau two rods st s timo, th* proooH i» uUad waljnp ; with two 
rod«, jMMTMjp ,• witb Ikt bui(1»> uf time or four rods, oa In baftkflC-wark, Aaem^ ; with one rod, rtmdins- 'i^^ 
lut mquirci *it odd nutobcr uf rtAkw. 
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By placing tltose sandbag on the top of the parapet 
a Ifwphole is made which affords cover to tho meu when 

^— firing. The great proctsiou of riHa fire will render their 

protection still inuro noct'ssui-v. 

(H€.) HurdUa are fumied by driving pickets 6 or 9 inohee apart into the 

Fio. ai7 



slope in the direction of the slope, and by Interweaving twiga or rods with the 
pickets. 

(147). Planhy when tbey are to be had, form a good revetment ; casks, trunks 
of trees, i&c, ai-e all also employed. 

Fio. 818. 
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It is not QBual to give rerntmont to the scarpa, except iu works intended to 
stand for a long time ; and where water is employed, timber revetments are 
the best 

In a paper ))ublished in the " Aide Momoirc," Colonel Hamilton Smith, obsendng 
Uiat trees in genera] are but little shattereil by cannon shot, recommends the 
adoption of vegetating ramparts. With five rowB of trees planted, as iu the 
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dififfnim (fig. S\9), and kept clear of bi-ancliea a few feet off the groand, the 
defenders will hare ample material to strengthen their position. 

TliesMs trees prevent Uie enemy from Booing what is going on inside the 
rampart*:: at tlic moment of need, the trees of the ditch and berm may \yc cat 
down, nnd lie employed with tlioM> of the rampart to couBtriict high stockades, 
paliwidus, Iraises, &c. 

The piiic, larcli an<) fir, ho will plant 3 feet apart He also recommends to 
plant on the glacis a he<lge of holly or common fiirze. In the colonies, these 
hedges would be of cactus undecimaUs, and the plantations of c«coa and {folni 
troes. 

(148). The best revetment for field puqioses is that formed of gabions, because 
it requires less trouble than any otiier, and I'equires less woiiil than fascines. 
Gabions stand in the revetments without listening, can l»e placed by any work- 
man, and last longer than fast'inos, which i-equire skilful men, and besides do not 
resist so well in eiubnisure cheeks. Sods ruquirc much labour, and a sod rovet- 
uient Likes three times ns long to t)uild as a work i>f brick nf equal cllmensiuiis. 
Sandbags an; expeditious, but do not last, and as they rot witliin two months, they 
require lon-ing. 

Far the coiiitlniction of batteries (96, 205) fascines are, however, preferable as 
presenting no joints to Iw loosened by the explosion of ordnance. Gabions are 
Kiiit:iblc for the ehouks of the embrasures, and for liuvcraos; sandbaga are 
excellent for powder magn/inos, traverses, and mortar batteries. In the bnttcriea 
construetcfl before a tbnress, estiecially in those thrown up towards the latter part 
of the sicgo> these throo revetments are frequently employoil sinmltaneonsly. 
<«(r«a/iio20l). 

SECTION in.— CoMfuaiOATiONB. 

(149). Cotnjnunicationt. — When an open work is completed^ its gorge is 
generally closctl with pali.Mules or chevatix~de-/ris*, witli a bm'rier for tlie ingress 
and c^rew of the garrison. 

Stockailes may uImi )>e employed, and planted on tlie outline of a bastioned 
front, or some other tmcing that will give flanking fire. 

Flo. .t^o. 



V 



COMMUNICATIONS. 



153 



( 1.10). In enclosed worka, an oixmiug, 2 yards wide, or 6 feet 6 iuches when 
(lestinod for Uie passage of artillerj*, is always left on the side the least exposed; 
luid m onler that the enemy may not see the defenders in reverse, a mass, called 
:i traverse, is erected inside, uitlier with or without a banqnette. 

FiO 321. 

□ 

Theae taraTeraes can be organized defensively by forming thorn of two 
parts respectively orossing their fire. In tlie dcfonce of a \Tllage, the above 



disposition has been fonnrl most, advantageous. In 1757, when the Austrians 
fuund it impo53iblc3 to batter down the walls of Gabel with their 12-pounders, 
they forced open one of its gates, and some companies rushed into tho town ; but 
mectiug with traverses in their front and on both flauks, tliey were obliged to 
retire with considerable losa. 

We sometimes hear of cavali7 storming field-worka. This is a mistake. 
Cavalry cannot storm a work, but may turn it, and when the gorge is not defended 
by palisades, barriers, Ac, it can rush on the garrison, and become master of the 
intrenchment. At the battle of Boro<liiio (1812), the French cavalry thus took 
the Kuftsiati redoubts. A siniilai- occurrence had tJiken place in 1760, near 
Weisseu-Hirsch, when the Austrians were marching to tlic x'elief of Dresden. 

In forts, the opening is left in tho middle of the curtain, and is covenxl 

Fio. 593. 
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by a Rmall redan, or ravelin. It ih either a mere palisade, itself provided with a 
barrier, or a regular redan, with its ditch communicating wiUi that of the fort 
In the latter case, a coverwl way is generally fonne<l, and openings are made into 
the face of the ravelin, and also in tlie covered way (367). 

The traverse destined to prevent tlio enemy from directing a reverse fire should 
be sufficiently long to intercept the whole. As n man fires at about 4^ feet above 
the grouml, it is clear that we may imagine a plane of fke parallel to tho ground, 
and 4;- feet above it: this plane will intersect the profiles on both sides uf tlie 
opening on lines ab, ah' (Bg. 324) parallel to their bases, and at 4 feet 6 inches 
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■n. Ti'^ is-.TCv^c shots which the enemy can send into the work arc 
-.■.-■ ,- : ". :: ; the traverse shodil therefore extend 3 or 4 foct 
-, .. ■> n xr.i ■:. whore it is met bv tlicse two directions. In general 
^ 1 ■: ;t '■-::-:. 4:-.^i in order to diminish the labour of its construction, 
•.:- •' o r- .v:.*:r.iot a small bonnetto 3 or 4 feet thick on each side of 
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.^,> LW A'ii«nKitf^li the followiijfr are at the same time strong; 
: :^.,»er oi- 1 f**»^' '*'""Kfa a palisading. 

FiO. 327. 



^i ^ii^-i 



^t,fc,i;jji||ii 




^j#«ii|*»«J- 




COMMUNICATIONS. 155 

All these barriers should open internally. 

(151). When the work is defiladed by means of traverses, it is necessary to 
cut passages through them to facilitate the communication. These passages may 
be constructed as mining galleries, with frames or cases, and should be 6 feet 6 
inches wide, to allow of the passage of artillery. These traverses serve also to 
shelter powder magazines. 

Advantage must always be taken of these traverses for the defence. The 
traverses for the defilade of Fort Little Gibraltar, at Toulon, were combined to 
contribute actively towards the defence, and the losses of the storming-party testify 
to their value. 

(162). To cross over the ditches of enclosed works, moveable bridges are 
formed ; for narrow ditches, three or four sleepers laid across, and covered with 
planks, are suflScient For a greater width, one, two, or three, or more trestles, 
support the sleepers. (173.) 




When the width is small, two little wheels adapted to the bridge permit it to be 
moved along the sleepers. 



Fio. 329. 




A kind of drawbridge can easily be constructed by means of two pairs of wheels. 
Each pair carries on its axle a long lever strengthened in its middle, or a pair 
of levers of the form C B (fig. 330.) 
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(153). As we have said, it is not always possible in the field to throw up works 
with accuracy ; the chief of a detachment, upon receiving news of the arrival of 
the enemy, cannot waste time in calculations, but he sets his men to work at once, 
and makes them excavate a trench that will give a cover, which, time permitting, is 
afterwards converted into a regular breastwork. Tools may be wanting ; in which 
case, recourse is had to such accidents as the ground may present It would require 
volumes to enter into tlie never-ending details of the peculiar circumstances in 
which the vicissitudes of war may place an officer. If he is well acquainted with 
the principles of fortification, it matters but little if he cannot recollect all the 
figures and dimensions given above ; his sagacity will suggest what is best to be 
done. It is needless to tell him that if he has to defend a village against an 
enemy having artillery, he must remove the thatch from the roofs, barricade the 
streets, &c. &c. 

A mere wall will become a good cover for him. 

Fra. 331. 




A hedge, with little trouble, will be transformed into a breastwork. 

Fig. 332. 
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Now» if a inan is only snpiKised to iV^jf out 27 cnbic feet in an hour, it will take 
liim ratlior more than au hour and a half to remove 43; cuhie foot un level 
^rouiitJ. 

Fig. 335 alluitis more cover, for the top of the parapet is G feet from the bottimi 
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of the trench. The Ijost way of executing snch a profile would be tn sink a 
trench 3 feet deep and 3 feet wide, and to throw the earth about 2 feet in front of 
it; 80 that in tlie progress of the work, wlicn the trench was found to he too 
deep to stand in, and lire with convenience over tlie top of the parapet, a little step 
mt;,'ht he cut out of the solid loft in front, for a biuiquett*?, as shown shaded in the 
section; and anolhcr step of the same description in the rear would complete it as 
far as it went. The 8te|is might be 18 inches wide, and the same dejttlu 

The area of this ticction is nearly 14 feet, the trench itiielf being 9 feet, and the two 
Btepe 4 1 eaporficial measure, which, multiplied by 6 feet, the length of the portion 
allotted to each workman as before, gives 84 cubic feet, or about 3 ctiliic y:inl.<i, 
for the solid content of tlie excavation ; and, tliereforc, under tJie presumed data, 
it would be ciroplcted in three hours ; still, however, it will be ohsen-ed, that it 
offers no impediment in itself to an enemy, and men could only be drawn up in 
single file for its defence, train u want of room fur more. 

A trenuli of the dimensions shoiivn in f\f^. 336 might lie completed in five hours 
on the presumed data; and being roomy enougli to dispose men in double files 
for its defence, and high enough to screen and cover thcra, it may l>e considered 

Kio. 33«. 
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as large as in necessary for merely fulfilling these conditions; fi^ if more timi< 
ouuld bo de%-(tieil to strengthoning a (lost, or if otiior cireumntonces were favouraMo» 
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it would become a cotiKideration whotber some profile of a difTerent form could 
not be 8ul>stitiited with advantage, for such a one as only affords cover, without 
oppusiii^ any obsUicle to the advance of a hostile furec. 

Fig. 337 is a form of breastwork that might be adopU^l for obtaining cover in 
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rtxiky or marshy sittmtioiiB, where a flitch or trench could not be made deeper 
than 1 or 2 feet; and if there were plenty of men, they might be sot to work in 
two lines, and got it completed in half the time it would otherwise take, cither by 
Biiiking on each side of the proijusud situatiun, or by arranging tlic men in two 
lines beiiiiid it, ai* nhown in tlte figure, where the situation fur the second line of 
workmen is shoifi*n at (a). 

To work on both sides of tlie breastwork, which is the qulokost way, would renrler 
it nect'Rsacy to cahmlatn what breadth of ground the breastwork, witli it>4 f*Iopes to 
tho front and rear, would ptand npnn, and what breadth the hnnquotte and bcrm 
ought to bo. Those particulars being determined, two parallel linos would bo 
roughly traced on the ground, with pickets, at the required distant^. Tho \vork- 
men would ha drawn up, fairing each otlicr on these lines, and would work back- 
wards, tlirowing the eai-lli Into the space iM-twcen thein, whitih some «|»are men 
would form into tlio breastwork. Here, though sinking only 2 feet, the breast- 
work must be raised 4^ feet to obtain cover. Suppose the slope on the initide Is 
made steep by buihllng it up with sods, or other juaterials, so that it only occupies 
18 inches of level gi-ound, the outside slope, being left to find its own level, will 
require a base equal to its height, or 4 feet 6 inches; and if we add 2 foot for tho 
thickness of the bi-oastwork at the top, it will cover 8 foot of ground. Then if 
the banquette bo imide 2 feet broad, and the berin 1 fix>t, tl»e distanc-e between the 
two lines of workmen will be altogether 11 foot. 

Under the second sup]>o.siiion, if the two lines of workmen were drawn np one 
behiud the other, and IhiiIi working to the same fn)nt, the distance between them 
might be from 4 to 7 feet, according to the deptk 

The level of the ground in this instance torms tho banquette or step to fire 
from. There will be a\MQi 5 cubic yards in 6 running feet of breastwork, and as 
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Having thns far detailed tho most expeditious mode of providing cover for 
men, it may now be worth while to consider whether, in securing that advantage 
to tlie defendorB you. cannut at the aumu time gain uiiuthLT by upjwsing wi olstacle 
to an enemy, by excavating a ditoh in/ront of the hrea-^twork, insivad of making 
a trench in rear of it. A ditch to stop an enemy at all should \k too wida to 
bejamped over either ^'flying** or "in and out,** and it should thorefora I>e at 
least 8 or 9 feet broad and 6 or 8 feot deep. In muro permouout works it should 
of <Miurse b*i considembly larger. 

Fig. 340 shows the general dimensions which such n profile might have. The 

Fro. 340. 
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ditch, it will bo observed, is of a triaiifrnlar form, and its area which must bo 
found in order to calculate tho quantity uf earth to bo moved, will be obtained by 
multiplying its biiMidth by one-half lUi depth, tliat Is, 9 fi-ot by 4 feet, whifh givoa 
36 anpei-ficial feet ; and this again multiplied by the length of the portion each man 
has to escavatij, we will say only 4 i't^et^ Btncc the breadth is conftiderable, will bo 
3G X 4 ; which, considering the iiici-enso of labour arising from a greater depth 
than usual, would not prubably be completed in less than six hours by tho 8amo 
sort of workmen as we have suppased engaged in other works. Some »pare men, 
8ay one-half tho number emjiloyod in the ditch, woidcl also be rpqiilred for ramming 
the earth, and forming tho breastwork. Thuw, on 100 feel in length of tho ditch, 
tbero would be twcnty-fivo men working, and twelvo additional, making in all 37 ; 
whiUt in the common trench work, which has hitherto lieen under consideration, 
only about seventeen workmen liave l)eon shown to be necessary for every 
100 feet 

A profile, such ba the one under discussion, therefore requires not only longer 
time to execute, but doublo the number of men ; and It would not seem adWsable 
to undertake it, unless there was a reasonable probability of its being completed 
before an attack could bo made ; for if an enemy came u}Ktn it when in an unfinished 
state, it would be almost useless, and tho lalmur, which tf otherwise applied would 
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railfii or a chain afterwards nailoit to thom, woaW be a ready expedient: the emla 
ehould project about 2 feet over the ditch, and stand at least 6 feet above tlie 
bottom of iL 

It is to be observed, that in all iho foregoing cases onlt a htmmum or coveb 
AND MEANS OF itEsiSTA»CE has bcei) sought I'or, in a mimiudm of time. It has 
been shown what can bb EFyECTKD in a few hours, "faute de mieiut." It may 
happen, however, that time is given to improve upon the profiles described, as 
would Ije the caso if an advanced post were held for some days in succession, and 
each officer in command had done what he could towai-ds it. These improvemeuts 
would consiiitt in strengthening ihc breujitwurks, making the ditcher deeper and 
wider, and in ]>lanting more redoutablo obfitruetlons ; and such opjwrtunity must 
never be thrown away, as the means of defence, and the securitj' afforded, will 
be augmcntc<l in proportion. 

It may be remarked that such breastworks as offer little or no impediment to 
the enemy, if well laid out, permit the defenders fo charge over thom in line if 
they wish it, and still posse-ss one of the principal attributes of any work, winch 
ia that of allbrding screen from previoM olfservation. But a forward movement 
Irom those that do oflfer an obstruction, must be through an openuig, and there- 
fore on a narrow front 

Now the space between a breastwork and an obstniction placed in front of it is 
gi'ound ht:]onging to the dcfcndei's ; and l}ii.s, if circumittaitcca permit, should be 
disputed ; and as an enemy would probably bo in some confusion in forcing his 
way through such obstniction, a favourable moment would doubtless occnr for 
making a sudden charge, wliinh, if supported by a good flank fire, ought to be 
successful. These advantages should never be lost sight of, in arruuging tbo 
general plan of defensive works, and in determining the profiles they shall have. 

The salient angles uf the intrenched lino are the [HiintH most o[ien to attack, 
and it will be ohsen*ed that the profile of tlie lines, torminating in those salients, 
has a diteh in front, which presents more or less of an obstacle; whilst the 
profile of tho line adjoining the battery in the centre, is only that of a trench for 
providing cover, because it is not in a situation o[icn to attack. 

When an opening or passage is ret^uired through a breastwork or stockaOe, it 
must be arranged so as to be easily closed and defended. These objeots may be 
in some mca&ure secured by disposing tho lines in such forms as are ropmsented 
in figs. 343 and 344, and providing rough strong gates, cbevaux do frize, or some* 

FtO. 343. Kio. 344. 
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Figs. 356 and 357, arc profiles on a bare stcop rock, to show the way of 

Fia. 356. 
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obtouiing cover in sucli sitoations ; but whero moau arc so very obvious, it 
{Mirb^fS migbL not be connidcrcd complimentary to multiply examples. 

It may be remarked, tliat as obstructions placod under a close firo in front of 
temporary works arc essentia) to their being properly defended, it will be a con- 
sideration whether a hod^e would be more conveniently converted into such an 
obstruction as in Fig. 349, or made to farm part of a breastwork, as iu Fig. 354. 

A strong growing hedge is of great value for either pui'pose : hunting men will 
bear witness that there is many a big fence, across the verdant fields of Leicester- 
shire, that b not to bo got over by man or beast, except hero and there at some 
** Soft placet** ill single file. And who has ovor been out shooting, and has not 
now and then fallen in with n puzzler? A small weak fence, for instance, a thing 
tliiit looked like nothing, leaning towards him from the top of a bank, but which 
took him something like five minutes to get over ; which five miimtes, if spent 
within fifteen yards of a posted enemy, would hare alForded time for alwut twelve 
rounds being quietly fired into his body by each roan who could see him. 

Before setting hts men to work, it ia necessary for an officer lo have n notion of 
the time it will take to execute hi» pnijecteil dcfuoees; for this purpose he might 
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pace the whole limj^h of his proposed line, and then by torming an idea how long 
it would take one man to finish a certain portiou of it, say 4 or 5 yards in length 
iu the cuse of deepening a ditch, scarping a bank, ur felling a fence, he would see 
wlinther the nnmbcr of men nt his disposal nnuld complete the whole in a glvnn 
time, and would curtail or enlarge his plan accordingly, and distribnte his men 
at intervals of 4j 5, 7 or 8 yai-ds, as the coso might be ; for it is impossible to offer 
any defined roles which shall apply where circum8tanop-s are ever varying. This 
however, mnst I>e homo in mind, that there is more rvisdMn in doint^ a littte kwW, 
than in attempting too much. 

A stick may bo cut for measuring out the portions, and stakes may bo driven in 
for Q^Lplaining the slopes and the general form of the profile that is required. 

(156) Walls. — Walls are re:uiiU' made available for purjwscs of defence by 
loop-hooling them, the mode of doing it varying with their height and situation. 

It is a general rule that loop-holes must be so placed that if an enemy succeeds 
in rushing up, he shall not he able to reach close enough to make use of them ; 
fur it is I'lear tliat if he stands on the same level as the defenders, the loop-hole 
would bo equally convenient for both parties. 

To obviate this inconvenience, loop-holes should be [>laoed 8 or 9 feet above 
the grouud on the outside ; but on tlio inside, the banquette, or step from which 
the defenders are io fire, should not be more than about 4 feet 6 iuchcs below 
them, which may be assumed as a convenient height for the purpose, as ah*eady 
explaine<l in treating of breastworks. A portion of the wall also, not less than 
18 inches high, slionld he left above the loop-holes, where tliere is opportunity, for 
the purpose of securing the men's heads when giving tJielr fire. 

These points arc attainable iu several ways ; and circumstances mast decide 
which is the most convenient; for CKamplo, if a wall were 10 feet high, tlio loop- 
holes might be pierced witliin 18 inches of the top, and a temporary stage might 
bo made of casks, waggons, ladders, &c., or an earthen banquette might be thrown 
up inside to firo from. 

Fio. ssa. 
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And in ca«;es where a very determined resistance is to he made, a second 
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row of loop-holes might be arranged, as shown in that Hgun?. On tlie other 
hand, if a wall were only 6 feet high, the loop-holes might he piorrcd 4 feet 
6 inched abovo tlie level on the inside, and a ditch cnt on the same e.u\c to 
obtain the requisite height, wliich arrangoment would Bavc the trouble of making 
any banquette. 

Pio. 959. 
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The qnickpflt way of making a loop-hole is to break a wall down from tJio fop 
to a depth of 2 foct, iu the fbria of a naiTOw fissure, at intci-vals of 3 feet or 
more apart, and aa this can be done with common pickaxes, if there arc no belter 
toola at hand, it will generally be found a more convenient mode Uian cutting 
them tlirough the wall, when time Is an object. Saoh loop-holes will appear as 
shown in fig. 360. 

F». 8eo. 



It will be seen that they are not quite so safe to fire from as others, but (his 
inoonvcnience may be partially remedied by filling the upper part with a atorio, a 
log of wood, a sand-bag, Ac 

If a wall should be very low, or there were not time to make loop-holes, a 
pieoe of timber, or tlio Inink of a tree, supported by a coiipie of stonoe, on thu 
lop of it, would be a ready expedient, and men rould tire from the opening 
und«r Iu 
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If at hand, sand bags, having loop-holes between them, might be placed ou the 
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wall ; or largo stones, or soda, might be placed there in default of nand bags. 
A man of rc6oaroe would seldom find any diiHculty in adapting somettuDg to his 
pur|K>3e;. 

The temporary loop-holes that are made in walls or buildings are not of course 
confined to any regular form ; they are merely holes to fire through, made intlie 
required direction, so that the ground may be Been as far as from within a few 
yards of the foot of tl»e wall or Iniilding into which they are pierced, to the 
extreme range of a firelock, affording also the oj)]x>rtmiity of firing a little to the 
right and left. 

To secure these points, the absolute dimensions will vary witb the thickness 
and height of the wall ; the width of the hole outside, however, need not exceed 
about 3 uiches ; but the widlli iusidc »hoidd, if possible, be eq^ual to the thick- 
ness of the wall (374). 

The best tools for breaking looivholes through brickwork or masonry with, are 
short iron bars, steeled at tlio head, calleil hand-In jrers. They are bold in the 
proper position by one man, and struck wiih a sledge-hammer by another. But 
if men arc employed who have not been accustomed to the use of such tools, 
they would perhaps get on better if each man had a crow-bar, which anyb<Kly 
can handle. A beginning might bo made on the face of a wall with a pickaxe, 
which would very much facilitate tho work. The time it will take to break 
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(3) \Vlien it furnishes tlie maten'alB neceaaaiy for its defbiice; 

(4) When being of easy access, it nevertheless affonis a »afe rotreat; 

(5) When its size is in proportion to the number of men destined for its 
occupation ; 

(fi) When the walls are good; 

(7) When its various parts mutually flank each other; 

(8) When it can be put into a state of defence with the means and time at 
disposal. 

No house fulfils all the conditions wlitch we have just enumerated, hut wo 
remedy Uiia by particular dispuititions and additional works. To make ft good 
defence wnth a house and its de[M)ndencies, we should nttentively study each 
part and Its relation to the whole; and presuming, at lonst, if not knowing 
precisely, tlie moans of attack, we should calculate the means of defence on fiie 
strength of the detochmunt combined with the resourcen to be derived from the 
locality. All this implies a minute and earofnl reconnaissance. 

Almost every house, oven in ordinary conditions, ditfew from any other, either 
in the aite upon which it is built, in its dimentiong, in its dUtribuHonf or its 
dependenous. 

77ie site. — The post which always requires the most attention is that which is 
aitufltod near the most important passage, or on a oommunicatiou which it is 
desirable to close against the enemy. Whatever may be the con6^:furation of 
the ground, the house ought to be isolated from everything that surrounds it, and 
should not be commanded by a height or another house; hut it ought always 
to be near the puj^agt: intended to tte guarded. We should select, within the 
limits which wo shall presently give, those houses that best suit the locally. 

Dimensions. — If the house belongs either to a siiuple agriculturist, workman, 
or keeper, it will probably be small and possess but little solidity, and will rarely 
be capable of a good defence; a farm with several bams and stables offers few 
resources, few dwelling rooms, and only occasionnlly a ynrd and a garden, which 
are mostly badly walled in. An inn will be larger in comparison, as it is «ituated 
on a moro frequented road, and at a convenient distance from a town for post- 
horses. Country house« are also to bo met with, of one or more stories, with 
yards and gardens. Industrial establishments, such as mills, ironworks, paper 
mann factories, &c., consist of groups of buildings, and some have several stories; 
water is generally found tiicru, of which use can be made in the defence. 

I}igtinbution.—A bougie contains moms or halls, the size and dis|>osition of which 
are to bo studied, in order to know well the manner in which each part oiight to 
be defended; the same for doors and windows. Banis, ooaeh-honses, and 
stables, occupy the ground-floor, or form distinct buildings. The yaixls arc 
enclosed by buildings, or merely by walls, paliaadesj &c, the same as gardens 
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Of t}ie meana to prepare for the defence, — In the Brat place, for Hie &recution 
of the works, endeavour to pru<:ure the neoessarv tools, such as 8{>adoa, shovels, 
pickaxes, liammi.':^, saws, jiiucliera, wbuellxirrows, earth or sunj hags, twnla, 
ladders, &o. A few, no doubt, will be iouud in tho house or the environs. In 
many iustan^^es different inaU>nals are also wanted, such as beams, planks, boards, 
nails, stones, &c ; the honsc itself or tlie neighbouring houses will probably furnish 
them. Nevertheless, it is ])ossiblo that a i)art, or even all of the!w> objerts, may Iw 
wanting, and, time failing, the dis^wsitious for tho defence oiigbt none the less to 
be made with the means wo already have. If there are inhabitants at a little distance, 
they can Iw emjjloyed in moving tlio earth or transporting matox-ials. 

The defence of a honse comprehends tlic measures to be t:ikcn in the interior 
^.and exterior. 

In the interior, — Doors which open outwards must b© strongly barricaded 
within. One of them must be arranged so as to open for going out, if a moment 
arrives when a longer defence becomes im|iosaible. The windows are barricaded 
also by means of planks or a double row of Iwardrt ; in default of wood the 
windows must be stopped up witli casks or sandbags, and tlie same measures are 
taken with regard to the ojwjiings leading to the cellars, so that tho enemy cannot 
tlirow poivder or other incendiary projectiles. 

The principal door must be covered by a tambour of palisades or stockades in 
tho form of a redan Hanked by the interior of the building, pierced with loopholes. 
If the door, tims gtrengthencd, cannot oHcr an efficacious rosistaitoo, an abattis, 
barricade or other obstacle must be established five or six pac^ in the roar, from 
behind which a few mcu can defend the entry to the house. 

llie interior doors must he partly barricaded, there being left at each suflicieut 
passage only for one man. Large stones, trunks of trees or fiimituro should be 
reaily near these doors to obstruct the passage at^er retreat. Loopholes must be 
pierced round the ground floor^ either in the walls or tho fastening of tho doors 
or windows, and also near the angles of the building. The upper stories must also 
be loopholed, but less closely than in the ground floor, because only a few men will 
suffice to fire into tlie hollows .adjoining tbo house. When the ceilings aro lofty, 
two rows of loopholes are mode, and the superior one is reached by means of a 
banquette or scailold. 

If there are balconies, they are furnished with mantelets or beams ; and flunking 
fire is thereby obtained ; and in cutting openings through Uio flour or Ibgstonca 
above the door, we obtain machicoulis from which the foot of the wall may 
be seen. 

If the enemy is able to attack with artillery, it is necessary to prop up the floors 
near those walls which ai-u tuu weak to resist the sliot. If great breaches are to 
bo made in the walls, an intrenoliment should be made behind, from which the 
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Innjf : and the walls are pieired to comnmnicato with tho interior of these works. 

Fio. 564. 



A machicoulis gallery may bo constructed on the first floor; when there ore 
balconies this is very Biiiiple; when none exist, some constrtiction of timber, as 
in this diagram, will hu found advantageous, cither above the door, or along the 
whoto front of the lionfie. 

Outside the house a triangular ditch is dug, two yards deep; the slope resting 
on the walls ought to be higher than the ground, sn as to leave no bcrm which tho 
enemy might use tbr escalading or for att>])ping up the loopholes. 

If the yard is surrounded by coach housc!>, stables, &c., thoy must bo prepared 
in the same manner as for the house, accorduig as time and moans permit, that Is 
to say, Mc burricadu the o]>eniiigs, pierco loopholes, and contrive some means of 
conununieation between them, so that the taking of one docs not entail tlie loss of 
the other. An enclosure wall must be loopholod, even in two rows, if high ; the 
loopholes pierced at one foot fi-om the ground are the most dangerous to the 
assailant; a little ditch la dug inside to serve as a banquette. Very rarely can a 
wall of this kind rt%i:>t cannon, but it can )je strerkgthcncd with earth Uinked against 
it. A hedge replaces palisades, and if it is higher than a parapet, wo make a 
bau<juette. 

Tho exterior part mast not bo intrerchcd befcre being sure of the means of 
defenoe for tlic house, and unless the force of the detachment enables it to be done. 

With, a garden enclosed by walls, tlic same procantions arc taken as with a 
yard. 

When the house is situated on level ground, it may be aurrountjed at eight or ten 
yards i)y an intrenchment with ditch and parapet, fonmng a fii-st enceinte, or by 
abattis or palisades, aocording to the importance of tho post. 

(158), Faiuis. — An isolated farm house ditVers from other honsos, iKwansothe 
enceinte is more extended; it has generally numerous buildings about it: bams, 
stables, worksliopa, &&, snrrouiiding several yards. Theno pwmises, almost 
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always sitaatcd in the ccntro of the ground to bo cultivated, often occupy a irood 
position in a lino of battle, in which ease wo intrench in Ihem several battalions 
and some artillery, so as to resiat several attackn. 

i^loro frequently still, an isolated fami houRe is oceupiorl by a detached poRt; 
and all that we have said concerning a house is applicable to it, or at le^st to a 
great part of it. Sometimes a farm house is an old country or pleasure bouse* 
or is oomposod ui part of iho ruins of an old castle, of which some great walls 
are remaining, capable of making a poad rcduit. The first examination of a 
locality ought to determine which part of the building will be reserved for tlie 
defence, according to the foixc of the detachment; this part must be isolated from 
the buildings, aud intrenched in the manner explained above, 

A convent or an old abbey may Iw ranged in tlie same category. 

CHintCBEa. — In many countries churches are to be found isolatod, when, for 
instance, the houses of a village are dispersod, or when it aerves for two villagoa. 
They are also sometimes in the centre of the place, but are rarrly so situated 
that they can be approached under cover. They must be isolated, even from the 
rectory house, if this is likely to damage tho defence. 

A church almost always unitcfl mora defensible qualities tJian a house; it is, 
therefore, a good post Cliurobo^ are rarely commanded, and are generally 
surrounded by a cemetery, which often forms a good intrenchment. Still, tlie 
cemetery mast be abandoned if the detachment ia too weak. Houses and trees 
iu the neighbourhood furnish means of defence for the church. 

A largo church can be defended by a weak detJichment, beoanso the troops are 
not subdivided. Tho walls are stronger than those of private houses: they almost 
all result cannon; loopholes are pierced between tlie pillars. Churches in the 
ahajie of a cross can give flank fire. 

Amongst Uie means of intrenohment given for houses, those for the church 
muHt !>o chosen for the interior and exterior, acconhng as they agree with the 
ground. Rows of loopholes can be multiplied; the galleries and pulpits serve 
very usefully as intrenchmenta ; stones and paving stones must be carried to the 
top of tlie church, to Iw thrown down on the enemy during his attack. Tho 
choir, choir gallery, and tlie vestry must be individually retrenchtHl, and made to 
communicate with one another. The clutirs and aeala serve to make good barri- 
cades. The steeple will be the last retreat in which tlic garrison can defend 
itwlf. 

Castlkr — We moot frequently, esi»ecia]ly in mnuntainons countries, with voiy 
strong old eastles, of which some arc abandoned and iu ruins, and of course 
uninhabitjible, and others more or less in a state of pre8cr\"alioM. These castles 
arc sometimes the Itest. posts to defend. 

AbandoniHl castles arc for tlie most part invaded by tlie neighbounng forests; 
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they are surronndetl by wido and deep ditches; tiieir walls are very thick, aud 
are pierced with numerous loopholes, and surinounterl with mschicouliR. These 
forts have often several enceintes, flanked hy astronn; tower, and closeil hy double 
gates, some of which arc still furnislied with a portcullis; but the walls are 
damaged, the vaults brukcn in, tho ditclics partly iillod up, and the interior parts 
without fastenings and filled with rubbish. Nevertheless, the walls present such 
a Boli<Uty, that by means of a few dia|)ositions, a vigorous resistance may be 
made; and in order to cnsnro this, clear away tho foot of tho breaches, barricade 
the openings and issues, take away tho rubbish from tlie towers and rooms, make 
sure of some shelter, o[>on tlie battlements and ewbrusures, entrench the interior 
building, and make a roduit of tlie keep. 

Those castles which arc preserved are for the most part inhabited, at least at 
certain seasons. Thoy have besides, drawbridges, armouries, falconets, lances and 
other arms to be made use of; but in a great number of them tho ancient form is 
altered, at ln.iHt in the exterior : groves and gardens have replaced the great esplanades, 
from which one could see far. These gardens, and all other objects tavouriug 
tho attacks of tlie enemy, ought to be destroyed, in order completely to isolate the 
furt. Fortified castles are not always udvauUigcously situated: tlioae placed on 
the summit of a mountiin, far from any fro{picntKd passage, dn not liinder the 
movements of the enemy ; a detachment of a fow humired men shut in, fai* from 
the inarching columns, cannot, indued, disturb ttieni. Therefore, such castles 
ought not to be defended, unless tlieir position compels the enemy to attack them, 
or to alter tho direction of his march. 

Modern castles are groat c-ountry houses with nnmerous dependencies, whose 
disposition is generally little advantageous lor entrenching. If, however, it is of 
importance lo occupy the ]>ositton, if the detachment is sulliciently numerou!i to 
eftect tliis, and if part of llio buildings is also favounibly constructed (for instance, 
Surrounded by water or a great terrace) wo mast not hesitate to eacrifice all 
the rest, and make the works suitable for a strong resistanec. 

IsoL.\TEn Mills. — Wooden wind millH are uotca])ableofdifunce, but stone mills 
often make a gcnid defensible poiSt tor a few men. Generally situated on an 
eminonce, these mills, in tho shape of a round tower, and perfectly isolated, can 
be easily put into a state of defence: it will be sufficient lo pierce some loopholes, 
ta barricade the doors and windows, and to take away tho roof aud sails. The 
rubbish and wood serve to nmko scafibldings for the interior. 

Water mills belong to the class of houses; howover, they deserve particular 
attention, ac^xirding tr> the watercourse tliey are on, and the impoi-tance of the 
passage when there is a bridge. 

Milla placed on a rivulet are hardly capable of defence, unletis their constrnctiun 
ia really good, and the Iwttum of tho vale is marshy ; but mills which have a weir 
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in the river generally give at the same time passage to a road ; they are "freqaently 
of a solid oonstruction, and have several wheels; thoj form, in a word, a pretty 
large eetablisluncnt, which utlbrs advantages for defence, cspocialiy 11' tho water- 
course is a defensive line. By stopping the water, luundutiuns may eventually 
be produced. 

Woods. — Natural features are of great utility for the defence of a wood ; thus 
a ra\nnc, a marsh, ponds, a river's banks, £c.> can bo made to render grcnt assistance 
if thoy are conveniently situated. 

A wood of little size, especially if it rest* on these obstacles, could be defended 
by ordinary means, that is, by cuttings in tho trenches am! roads, and by abatlis 
so <lisjK)3t'd on the edgfss of the woo<i, that the enemy could not destroy them, 
and that tlicy may l}e Hanked from othor [taiia of the jiosition. But in a fore:9t, u 
detachment could not defend itself without choosing a very advantageous place, 
easy to bo isolated or intrenched, according to the locality. If time or means are 
wanting to dig n iliich, and throw up intrencbmeuts of earth capable of a good 
resistance, a work could bo constructed with trunks of tree*, vci-tiealJy dispoiicd in 
the shape of stockades. This work could be closed, and means of retreat provided 
for; the tops of the trees would serve to form a lino of abattis around the 
CDtronchment. 

Deviled. — Tho most advantageous point of a road to defend is its passage 

Krosft the different accidents of the ground which permit the enemy neither 

•» dcptoy nor to turn tlio j>o3ition from a little diritance, as for example, between 

Aeep beigbls. We must eonnnenfre by reoonnoitring tliese heights, and 

Aair aflmnble parts, and asoi'rtaiu tliat tliuy cannot be tui-ntxl without making 

% \aa^ arcniL This done, tlie commander will occupy the heights with small 

pttBk Am iotrancb tbemselvoi according to the locality, making use of the wood 

l» oMitnel aWttH, and of the hedges, bouses, mid walls; or if the ground is 

^M^W wiUdigdUchofl and cover iJium witii brea:stwork». Hu nuisl build up in 

wboapabW uf a certain defence, such as reduubts flanki-d by intrench- 

laelcf ibo heights, omneeting ihe defence of tlio rodoubts with that 

k «jhfahcd on the hcighti». Means should be provided lur retreat 

ES ftttk. If time fails for the cxtvution of such wurk», the interior 

^4^k«cd the crat of tJie hcightK should be occupiixl, to fhmk tlie 

IM* MHRd fay Mroog abattJB or any uthur oltslaulo at hjuul, and la 
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of men the vitlnge can contain, to the roads hy which the enemy may ooroe, to 
the resources which may be obtained from ihe^ village itaelf or from the neigboor- 
ing woods. A sketch of tJie position will enable him to judge of (he ensemble of 
the village* and will greatly help him in forming his scheme of defence. As 
fepveral days will moat likely be necessary to intrench the village, he will seek for 
A good postf an i8olate<l bnilding* a hillock, &c, in the direction from which the 
enemy is ex].iocted ; this he will fortify by abattts^ bnrricades, &c., and employ it 
to hold rnoH of bis detachment flt night, and the uon-working party during day. 

The approaches are cleared of any cover whicli the enemy might make uwi of; 
isolated buildings, walls running parallel to the enceinte, trees, &c. are felled down, 
ditches are filled up. Al>attis are formed. The roads, dams, causeways, &c. are 
rendered iinpnicti[:able, by coupures, entanglements, or by other means. 

The encfdnU is next organized. It is fonned by the buildings, walls, hedges, 
and is coraplctod wherever necessary hy stockades, tanihonrs, or even by ditches 
defended by abattis. Barricades flanked by the adjacent houses close the streets 
that lead into the country, and either gates or timbers prevent tlie entrance by 
such canal or sewer as may exist. Field works, such as /?i^c/rf#, are constructed to 
fiouk the points of attack. If possible, a ditch should be excavated for tin's 
enceinte. 

When time can be sparetl a second enceinte, or even a third, is similarly 
organized, and care is taken in every ease to insulate the enceinte from all buildings, 
(since the deatjnirtion of tliis by tlie enemy's artillery might injure the defenders), 
and to insnro a good flanking by means of tambourSj v^c. 

A reduit sufficiently large to acnommodate the gaiTison is prepared in the manner 
describetl for houses, churches, &c. It should be isolated from other buildings, 
and when there is no time to spare, it is advisable to organize the reiluit before the 
enceinte it^^If. 

Besides the enceintes, it is advantageous for the defence to Bubdivide the village 
into portions, by turning into use tbo walls, hedges, &c, so as to form a continuous 
intrtnchrnent from tlit' reduit to the circumference. One uf these portions being 
taken, tho defence of tlie village will continue. 

All tho streets, bye-streets, &c. which are not required by the defenders 
are barricaded, to prevent the enemy from turning tho position ; but a few 
debouches are prepared on the flanks or rear for tho egi*es3, and are flanked by 
houses, <!icc. 

If the garrison has guns, they arc placed at tlio {tolnts of attack, or on such spotd 
that they can |>nnr a flank or slant fire on the enemy's advance: ejKiulmcnt!! and 
platforms are prepared in several places for that purpose. If the enemy lias 
artillery, tlio wooden houses are destroyed, and the thatch of the others is reruove<l 
for fear of fire. 
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When a rivulet traverses the village an inundation contrihntes power&IIjr to its 
defence. (117.) 

Villages are met with, where the enceinte thus constnicted would not he sus- 
ceptible of a good defence, either on account of its general outline or the nature of 
the groand in front of the position. It is then preferable to surround it by a 
continuous intrenchment. K the village is built on the sides of a hill, it could 
not be defended with a mere enceinte ; in this case an enclosed work is thrown up 
on tlie hill, and serves as a reduit: it is either a redoubt or a fort, and 
sufficiently strong to offer the same resistance as that which is eicpected from the 
Wllage. 
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(160). The attack of field-wovks may be carried on in two differont ways, 
cither by mrpriee or by open fore* ; but in every caae a careful rcconnoissance of 
the enemy's position is indispcnsahJo. 

Thp chief of a detacliment cntrustfid with the attack of a military post must 
ascortain the nature of the ground occnpied by the enemy, he must know the 
roads that lead to it ; the outline, profile, and armament of the work ; the number 
and description of the garrison ; the amount of aiumimitiou and provisions at tlieir 
disposal ; the nature and positions of the ohstacles, &c. A reconnoissaitee made by 
himself or by some intelligent ofiiceis will complete the information which may 
bo derived from maps, spies, deserters, and from the inhabitants who have Vwmn 
employed In the consti'uetion of the work. If the |K>st is a building or a village, 
similar knowledge of tha dispositions of defence must be obtained. 

Besides this information, the commanding officer will ascertain the manner in 
which the service is performed inside and outside the post; how many sentries 
tliere are, how often relieved, and where plat«d ; the hours of meals ; by whom tlie 
post is commanded; tlie age of the comm:uider, qualities, and hahitit; whether 
ho or Ilia troops liave defended a fit-Id-work before; and whether they expect 
support, &c., t&o. From all those data he will decide as to how tlic attack may 
l>est be conducted. 

(161). An attack Ay open force is the only one that can be reoommendeit 
against a work properly guarded. 

During a battle, for instance, an attack by surprise would be impossible. This 
sort of attack may also be resorted ta 

When the enceinte car be easily csealadcd, wlien the enemy is short of ammn- 
nition, when the garrison is weak or comijosed of recruits, when thoir chief is 
inexperienced or timid, and lastly, when the approach of a reinforcement compels 
the assailant eidier to carry the work or to retreat. 

If the work has but u small profile, and is ill provided with necessary means of 
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defoncR, such aa an mtroncliment thrown up id great hurry, the attack witii fixed 
bayonets may prove the least dangerous and (he qui(;keat ; hut it will bo necessary 
in ordinary circumstances t« prepare tlio assault witii ai-tiHerj*. 

The detachment iiitendod to carry the post is generally subdivided into four 
parts, Ist, a column destined for the serious attack; 2nd and 3rd coluimiti for 
false attacks; 4th, a reserve. 

K.ich of tlicsc columns is preceded by skirmishers, and by a working |)arty 
provided with all tlie neeeasary tools to destroy the obstacles; when possible, 
scaling ladders are brought by a special party (19-4), and, when necessary, foscinee 
arc carried by the working party to fill ditches, &c., with. The chief of each 
coluum always receives insti'uctions as to wliat he will do both in the event of 
success or of failure. 

7'he artillery ofiens firo at a distance to dismount the guns in barbette ; at COO 
yards it ricochets the faces, and when it hassilenred the artillery of the defenders, 
it .ipproai'hos nearer to destroy the para[»ot, to make a breacli, and to tlu*ow con- 
fusion inside the work by a shower of shells and canister. 

Under tlie protection of the skirmishers who fire at any one standing on the 
banqnctto, the working (larty destroy the obstacles, as will bo explained here- 
ailer, and the polumiiJs follow. 

In order to divide the attention of t^ie enemy the false attacks proceed first, or 
at least simultaneously, awl march cither against the rear, or Bomo point where 
the enemy lea^t expci't^ them, the serious attJc-k iH'ginning as soon as the utlicrs 
»fe engaged, and advancing against some undefended angle, or some point weakly 
gmrnsonod, unprovided with ditch, &c 

Arrived within range of grape shot and musketry, the colunius quicken their 
fSBBk imer ve their fire in order to save time, an<t leave the artillery and skirmisbers 
i»aBSW«r the enemy^s fire. They rcaeh the counterscarp, uihI descend into the 
Akk. if it hss becu cleared of obstacles ; if not, they keep np a strong fire on 
A» ^rfeaJers ntitil liie workbtg party has completely destroyed the paUsados, 6x, 
Xh^wmtm nplaoesthem on the counterik^iirp. 

Iht mam vf^emd in the ditch apply their scuding ladders, climb the slopes, or 
—r hm tfcr Irtmf h, or the ombrasurefl, and give the assault. They form on tlie 
^ fifv « vxtlloy, and charge the reserve. If sucoeas crowns their 
H«n to sapporc ibo other attacks. 

m nady to npulae any sortie which the enemy may attempt, and 
cohwins »hould they be ropnlsofl; it also protects tJie 



iattn of a column of ojuault should be ^ of the force 
ion* UQincruun still, Bhould consist of old Roldicni, 
mUmi floiDp eavnlry to charge ihe sorticA. Should 
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tbo giirrison expect some reinforcement, let it l>e nnderstoott that a fifth column 
moat be told US', to oppose it and prevent ita arrivaL 

When the work is conquered, dispositions oro at onco taken against ufTenaive 
returns: the parapet is rc]>aii-o<i on Hie side where tlie enemy is expected, jind in 
the case of a work opened at the ^orj^e, a parapet is constructed across it. 

The retreat is also rendered socui'e and the work made unfit for the former 
posseRsor by filling the ditch and destroying the |»ara{wt at the point where the 
attack has )>een made. 

As for a viUagc, before entering it tlie artillery should ricochet the streets mid 
set firo to the houses, whilst the infantry occupieB those which have not been 
destroyed, and t-ompels the defenders to leave thcra. Without these measures, 
offensive returiu may be made which wuuld endanger tlic retreat should a further 
attack on the reduit prove unsuccessful. Some rockets firod through tlw loop- 
Iioles are sufficient to smoke out the defenders. 

(162). An attaci: hfj surprise has a chance of success when tlie fjarrJson, feeling 
perfectly secure, neglccte the ordinary rules concerning sentries, patrols, Ac: 
it is attempted against a work too strongly occupial to be attacked othen^■ise, and 
secrecy is one of tho most important renditions for (^fi^ecting a surprise;. Some 
false news skilfully spread, and some false movement that will throw the garrison 
eiilii-ely oft' ita guard, will contribute to the success of this kind of enterprise. 
However, It is a dangerous operation, the assailant may suffer heavily, and 
be himself deceived by Uie apparont security of his enemy; and, in general, 
such attacks seldom succeed, especially against works well provided with 
obstacles. 

The best time to make an attack by surprise is about two hours Ijefore day- 
break. The corps is subdivided into one strong column tor tlie serious attack, 
two small ones for the false, and a reserve. 

The columns are accompanied by guides and tuterpreiers, as well as by a 
working party and scaling ladders. Tho interjiretars answer the "^i rre*;'* 
and, if the weather is favourable, the columns may reach the counterscaiii without 
being seen, but in gcncnd it will be necessary to attract tlte attention of the 
defenders by pushing the false attacks; the darkness and confusion helping, it is 
probable tliat all the garrison will engage ; and at the moment when they are thus 
engaged, the serious attack, vigorously made, can he attempted. 

The destruction of the obstacles is cfTectPft, in both kinds of attack, by tho 
working party. Altliough the abnttis, palisades, fraisea, &c-, are not capable of 
resisting artillery, yet it is diificull to o|>en a practicable passage during tho short 
time the attack lasts: shulls and shot may injure them here and there, hut not 
hufticieutly \ and as it seldom happens that they are expusod to view, it in tbmid 
more expeditious tu entrust their ilestmction to tho working party. 
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Abattit are destroyed with the axe; and the treoe, when small, aro removed out 
of the way by moans of ropes ; if they are large, the tiiinks are left. 

Chevaux tie /rise. Tlie fipikea ani cut with the axe, tlic beanui sawn> and the 
chainn tlint connect them ])roken with the picks. 

It 18 sometimes recommended to set fire to the wooden obstacles, by means of 
fascines covered with tar, but it is a slow process, although a safe one : palitadeg, 
»(oekades, and fraiaea arc more diDicult to destroy. They are demulisbed either 
with the axe, or by means of powder. Some 50 lbs. of powder are placed in a 
ha^ and secnred to the wood by means of a n.iil and gimblet; ur a stout sleeper 
Is placed along the foot of the palisades, and a few bags, contiiining about 20 lbs. 
of powder, are placed l^eforc it, and secured by another sleei>er covered with sand- 
bags, and mmntained in ilH position by a few balks propping it u[) on tlie foot of 
the eountergrarp. 

Stockades and gates are too difficult to cut throngh with the axe, and it waa 
formerly customary to burst them open with a petard^ which is a vessel made of 
iron, BUed with |>uwdL>r, and secured by a gimblut or otherwise; it is fired by 
means of a fuze ; but a bug is prefurable, because the petai'd will frequently make 
only a hole. 

The Bmall pickets must lie destroye*! with the axe. 

Whjlst these obstacles are being removed or destroyed, tlio working parties also 
pre{>are ramps for tito columns of attack in the glacis that cover them, as well as 
in the counterscarp; and, if necessary, they o|»en a trench across tbo escarp and 
parapet. If fire were to Ijo sot to the uhstiiclcs, these ramps could not be cut 
until tlie fire had gone out It is projrer, despite the danger to which they are 
ttqMsed, to have strong working parties, beoanso the obHtanlcs are more rapidly 
destroyed, and the defenders have less time to ascertain the range : the men are 
recootunonded to avoid fomiing gn>upa; they cover themselves with fascineii when 
they suffer much from muaketrv*, or they may, by Oring lica|>s of wet sli*aw, 
pro|icrly di.t|K)sed, bo conceided by the smoke. 

Military pttt are covered with pKinks, faActnes or ladders, or they are filled up, 
a proMAS which is sometimes more speedy. 

Or<ne$^-/tet are swept by moans of branches of trees, or what is better, the 
ground ia'covcrod by fo-scines placed close to each other ]>er|>endicujarly to the 
direetion the column will follow. 

Wet lUtches and innndations are serious ob«tacle<i in llie Held ; tbo former are 
filled with fascines, stones, &e.; but the latter present far grcatt>r difficulties, mid 
reqniro those means which are employed to overuome permanent fortifications. 

(164). The officer sent to occupy and defend a fieldwork shoidtl begin by 
tucertiuning the pur|>ofle for which the mtrenchment has been thn>wu up, ami by 
mdting hinutclf thoroughly acf|tiaiiite<l with its relation tutliegruniidurutiicrwfirkit 
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vfU'iiih it has to HiuUt. And for tliis duty a proviuus kuowledgo of iurtilicatioii ia 
necessary. 

ITb will make a roconnoissaneo of tlie exterior ground, ao as to know from 
which direction, or l>y which road the enomy is likely to come, what coTcr ho may 
obtain, 8cc. The distance from the crests to tho iuipoi'taut poiuts are measured 
in order to give proix-T sight to Uie guns, and to insure the efficiency of the fire. 

At tho ftamn time, he will divide his force into four parta; one to furnish the 
guards and patrols, anotlwr to work in order to complete or improve tlic means 
of defence ; tho two otlier reliefs rest On no account will he relax in watchful- 
ness: sentries are, tliez-efoiio, placed inside tho work at each salient, and outside 
in the directions from which tlio enemy may be cxfjocted ; at night, and ut day- 
br«ik, jiatrols anrl detachment't are sent in every direcliou. Tho patrols ascertain 
whether the sentries are on the alert or not, and carefully search the liousea, 
hollows of ground, &c. The small detachments proceed further, and collect such 
information a)>uut the eneuiy as they arc able to obtain. Should a sentry, pati'ol^ 
or detachment full iji with the enemy, tlicy must ^e to give iJie alert, and with- 
draw without figliting. 

He will next give his attention to tJ:e mode of defence ; each part of the garrison 
must know exactly what duty it has to perform, and where to repair in case of 
attack. The rosen'c, oousisLiiig of a third of the whole garrison, is told oft', and 
has also iU assigned )iost. 

Tlie working party, in the meanwhile, constructs such additional obstacles as 
tltc resources of tlic locality permit, and if tlic work Is likely to l>e ex]iased to a 
fire of artillery, some traverses are constructed to protect the guns and shelter 
the reserve from the splinters of shells. 

When the enemy approaches, groat sagacity ia necessary to distinguish the real 
from tlie false attacks ; uud coolness is not less indispensable to direct the defence. 
The men are ke]tt on the slupea of the Imnquette us long as the enemy is uol 
williin easy musketry range ; artillery should not attempt to tire at the enemy's 
guns, because it will generally got tho worst of the contest, it is preferable to 
charge the guns witli gi'ajx:, and wait until the columns are within 300 or 400 
yards. Such fire may tlirow the ranks into utter confusion, in which case a sortie 
made A propoa will repulse the attack. As won oa the enemy comos within 200 
yai-ds, the men ascend the banquettes, and open fire. The officers should see 
that they do hu in no hurry, since a well aimed lire will do mom injiu'y than a 
rapid one. 

If the work is intended to flank some other intrenchment in front, the garrison 
should do so conscientiously, even at the risk of l>eing lost (57). 

It would be impossible to prescribe what to do iu the thousand eventualities 
that may occur. All tho obstacles will be of tittle avail unless tlie garrison is 
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determinod to fulfil its duty. *• Fight to the lust, regardless of diuigerl" aught 
to be the motto of all tmops onga^l in the defenoo of an intrcnchmpjit; "self- 
devotion r thfti of the commanding officer. 

Stoady fire is kept up against the enemy whilst entangled in the obstacles; 
grenades or shells ure thrown into the ditch ; vigorous sorties are made to repel 
the attack, or if tlieac are unsuceessful, Imyonet and steel must resist tlie assault. 
When all is exhausted, and only then, the reserve makes a last eflFort; and if the 
aaeJiilant cannot be ropulsod, the retreat begins. 

In the defence of military posts, such as villages, the same measures oro taken* 
Artillery opens fire at small range, changmg ita position whenever necessary; 
cavalry keeps on the flanks, ready to eharge the atiHauUing columnfi; whilst the 
infantry is divided into three parts: one defends the enceinte, another disposed in 
small platoons at the most convenient points is ready to support; and tho tlurd, 
forming a reserve, occupies a central position, ready to rally tho advanced troops, 
repulfiu tlio enemy wherever he enters, and protect the retreat 

Tho defonce of a village is not ended if the enemy has forced the enceinte, far 
from it: the troops assume a new disposition, they occupy the houses, coupures, 
barricade-"*, &c,, and dispute tho ground inch by inch, with such dolcrmination 
that when the enemy h:iM overcome all uhslacles and attacks the rcduit, his losses 
may have boen such that ho is no longer sufHniontly strong to eonquer, and the 
garrisoQ may oven, by au ufientuve return, recover posnossion of the village. 

Coolness and great decision are essential qualities in the officer; his example 
may decide the day; and, when commanding the evacuation, and, last of all, 
abandoning the post, he should be able to any, that " all is lost, save honour I** 

Fioldworks and fortified ponts are not genendly intended to make a defence of 
long duration ,- a day, or half a day, is considered a fair time ; and it has often 
proved l« be of incalculable value. We have already mentione<l the work of 
Montenotte, which, for 24 honrs, stood the repoatod attacks of 12,000 AuHtrians, 
and thus gave the Wetory to the FrenciL lit 1793, the l^utch army was saved 
by the resislanfo of the j>o[tt of Werwick on the river L^'s. The same year the 
post of Turc'oing defended it*olf a whole day, and thereby prevented the French 
from attacking the English. The great redoubt of Flcunis (1794) aaved the 
French army from a flefeat. The vigorous resistanco of the Austrian works at 
Jenimappes; of the Uussian redoubts at Borodino; and that of tho handet of 
Hougoumont, at Waterloo, Ac, are well known. 
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CHAPTER XL 
MILITARY BRIDGES. 

(165). Militaiy bridge*, are those bridges which an ai-my in tlie field can 
spcctlilv construct, and the maierials of which nan be transportwl. As any float- 
ing material may serve to form such bridges, there are a <;^eat many sorts of them. 
But whatever sort may be proposed, (lie preference will be given to that wliich 
possesses roost of the following qualities: simplicity and capiibility of rapid con- 
struction ; applicability to several purposes, as fitness to ser\'e for l>oats as well as 
for a bridf^;, and security from (iestruption by the enemy; groat buoyancy and 
stability; facility Of construction, of reparation, and of management on water, 
security from destruction by heat, ioe, or other natural cause ; small cost of outlay 
at first, and of keeping up aftorwardB. 

Militiry bridges maybe divided into 2 classes: — Ist Those which are pre- 
pareil in time of |>cace and follow tlie army. 2nd. Those which are constnicte*! 
with any mali^riiil found on tlie S|X>U Those of the Srst description bear the name 
otpontoon bridgea. 

A pontoon is a floating pier, the form of which varies with every service : in the 
British army the pontoons in use are those invented by Colonel Blanchard : they 
have replaced those of General Pasley, which were of copper and had the shape of 
a boat. Before these, cylindrical ^jontoons of wood of the invention of Sir James 
Colleton, had been employed in preference to flat-bottomed boats* 

(Ififi). The large pontoon bridge is composed of fonr parts; the pontoons, the 
saddles, the balks and the chesses. 

Tlie pontoons are hollow cylinders with hemispherical ends, 22| feet long by 
2 feet 9 inches, made of tinned sheets of iron. The shecta of metal aiv framed- 
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rotind sonio lij;ht ^vhccls of tin which have small tiibos for spokes, and are con- 
nected by a buUow cylinder which runs through the whole length of the asi& 
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The interior Is divided into distinct and water-tight compartment.') hy partitions. 
Each cod has a strong iron ring to assist in the oouvcj'ance: some plugs are 
screwed at various parts to permit the insertion of a pnnip in CAse of a leakage. 
Four rows of sunken handles round the outside serve to lash iho saddles. 

Those ioddUij or gunwhalet, or.gunneUj arc framings of fir 12 feet by I foot 2 
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mdMSj wid 3 inches thick- Oue is placed lengthwise on tlie centre of the pon- 
toon, and is secured to its handles. 

Balks are strong rails of timber 14 feet by 5 inches, and 3 inches thick, they are 
placed in position from saddle to saddle, to which Uiey are secured by iron plus. 
There are 6 of thorn for each pontoon. 

The chtaaea form the flooring of the bridge: whole chesses consist of three fir 
planks connected underneath by four cleats, and are 1 1 fuet li inches by 2 feet 1 
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inch, and \{ inch tliick: half chesses of same length and thickness, but I foot 
and half an inch only uide are placed over the saddles, to afford access to the 
pins, &C. Tho chesses are laid aoruss tlic balks to which they are secured, by 
nok Uahing two tide pieca along and over tho extremities of tiio chesses. 

A rack stick is a small picket, 18 inches long, to one end 
of which is fastened the lashing or rope about 8 foel long. A 
loop is formeil with the lushing round (he side piece ahovo tho 
cbesMS and the balk underneath ; tho rack stick is then placed 
in the loop and turned mitU the lathing comprcasc-s firmly the 
side piece upr>n the chesses. 



Flo. 3«9. 



RAFTS. 



193 



A raji consisfA of two pontoons with their supcrstracturo, viz. two Baddies, 12 
balks, 10 ctieases, 4 half clicsscs, .5 side pieces^ and their stores of lashings, oars, 
anchors, &c. It is conve^-ed on a pontoon carriage, total weight including carriage 
about 45 cwt 39 lbs. 

The buoyanoy of a raft, it-* weight deducted, is about 77 cwt., half of which 
is a safe load. The pontoons sink from 7 to 8 inches tinder the weight of the 
bridge. At the full iiiterval of 24 feet from (wntre to centre of raft the bridge 
can carry infantry 4 deep, or ravalrv 2 deep, or light artillery. At intervals of 
16 feet it ^^'i11 carry heavy field giins; and a rafl: of three pontoons, at close 
intervals^ will can*y the heaWest ordnance. 
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There arc two mctliods of constructing tlie bridge In tho first, whioh is 
called hooming out, a frame of two saddles, connected by tiieir balks, is prej>ai*ed 
on shore: a pontoon being launchotl, the framo is lifted up, and the pontwon is 
bronght under the first saddle, and fastened to it ; in the nieauivliile, the balks of 
another frame are bolted to a third saddle, the bridge is boomed out, and a second 
pontoon is fixed under tlic second saddle, and so on. Tlie chesses are laid across 
by the crew, ax men per raft, standing on tJie balks and pontoons. The bridge 
is kept in ita proper position by moans of rope secured to anchors, and held by 
tho crew; it is rigid in the direction of tho current, and the balks of the two 
extreme [untoons arc pinned to sleepers firmly secured on shore. 

u 
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In till) setund iiicthud, Uie v&iXa ai*e formed separately and kept close to the 
«horo, cttcli of thcui carrying sufficient gU|)erstructuro for an extra bay. A bay 
is tlte length of Imdgo corresponding to tlie^spaee between two pontoons from 
ceutre to centre. The odd numher nii^s fomi what is called the mooring tlivision, 
and they are rowed to their places across the river, at distances apart equal to the 
length of three Laya. The even number, or reson'e dtvixion, move up the stream 
and take positian in the middle of the intervals, than leaving a bay on each side. 
The*' Itay* are then coraploted with the superstructure carried on the raft. 

(U>7). In the small or infantry briilge, the jtontoons have eonienl encis, and 
iiK-asure 15 feet by 1 foot 7 inches. The saddles, 8 feet 4 invhea by 9 inches, and 
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3 inches tliick, are fixed to the jwutoonn by means of;;jinhs. The balks are fl feot 
6 inches hy 5 inchett, luid .3 inches tbii-k ; the chesses are 8 i'eet by I foot 4 inches, 
and I i inches tliick. A carriage can convey five pontoons, and all their appur- 
teiiaiiees, the total weight being 21 ^ cwt. The buoyancy of each )>ontoon, weight 
of KUiKTstnictnro deducted, is about ISJ cwt. At intenals of 5 feet 4 inches, 
iJiis briiige >vill carry infantry 3 deep, or light artillery. It can bo constructed 
as ilie largo bridge, or it may be enticitly put togutbor on land, and bo carried to 
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the water by mon placod two at each end of every pontoon. It is very l{g1it,an(l 
if the chtasea over the saddles have been previously removed, it will Ijcnd upwards 
or downwards io any an^Ie, bo that it may be paased over scaling ladders down 
th« cotuitorwyirp of a fortress. 

(168). This system of pontoons has not yet passed through the ordeal of a 
campaign, and it is questionable whether it would prove sem'ceable or not. The 
pontoons of continental armies arc capable uf serving both as floating piers and as 
boats to ferrj- troops over, whilst these can only be nsed as floatinjr piers; it is 
true that they cannot be upset by swells, but they are made of a inatttiial liable to 
rapid decay, thiMr inside cannot be seen so as to secure timely repair, ihey can 
only bo emptied by pumps, and, what is woi-at of all, the bridge is liable to great 
nndulatory motions in tlie direction of Its length, motion wliich caused a 
serious accident when a bridge of this kind was constructed over the 'J'hames at 
Chobham. 

Macintosh india-rubber pontoous have been tried and found worthless. Two 
new poutiJona have lately been invented, and it is very probablu that for the future 
the Blanchard's floats wn'll be superseded. 

The first, cal]©«l Franeii^t corrugated metallic wagon, is used in America It 
is a wagon the bo^ly of which, made of corrugated coj'pcr or iron, is easily 
detached, and can be used as a ha&t : two of tliese rectangular water-tight bodies 
joined form a raft fit to carry field artillery ; four of them will bear heavj- oixl- 
nauee. They are very sti-ong, difficult to upset^ and form a firm and buoyant 
bridge. 

The otlier kind of pontoons has been proposed by Capt. Fowke, of tlie 
engineers. Each pontoon is formed of a wooden skeleton, over which is stniined 
strong canvass rendered watcq^roof. It can be used as a boat, and is water-tight. 
it has a buovajjcy nearly double that of llio service pattern, wlulst its weight is 
only half. The transport is also greatly sim]dified. 

Tlie second class of bridges is nnmerous, and may he subdivided into floating* 
fixed, and flying bridges. 

The IfoaU which the vanguai-d collects on the river may replace the iwntoons. 
They should be as nearly as possible of the same size, in order to avoid trn^- 
larity in the flooring of the bridgfl, any ditTeronne being made up witli frames or 
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treetloe. The boats are moored head and stern, and maintained in their position 
by timbers or ropes fixed to the bows and stems, 

2 
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Cnblea have occasionally been employerl to replace llie balks whnn tides of 
rapid rises would have endangered the bridge. In a liriJ^" »nade across the 
Adonr in 1814, th»^ floor wjis supported by five ciiblcs lashed in tlio nolchei! of a 
sleeper, plactxl on the dock of eacli vessel, Tliey were kept tight by capstan** 
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and gyn tackles. This bridge never gave way during tlio two months it stood. 
OtJier moans Iia\'c been restu'ted to to remedy the inconveuionoe of sudden 
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rise*: tlie hutment has been made of n trestle with moveable cap, or of a s!ee|»er 
moroable rouml two trunuionjL 

(170). Ciuh niayRen-e to form Ooating piem. Ther are pUcod bnng-hole 
nppermoMt, side by mJo, «nd secured to two strong balks, placed parallel to one 
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tage is that they CTinnot bo destroyed by the enemy's artillery. Their length 
shonld not bo less than 45 i'eeL Fig. 381 shows the diBposition of tJie raf^ con- 
Htnicted in the French sen'ioe. 

(172). Floats may be made of the akins of the animals killed for the army. 
An ox hide may bo made to form a float capable of cui-ryiug 300 pounds. Kach 
skin Is cut into a circle of from 5 to 6 feet in diameter, and its edge is gathered 
round a short tube, to the inner end of which a leathern valre is nailed. It is 



Fig. ssa. 





inflated with bellows. The back part of tlie skin is not pood, and phould bo tarred. 
These floats arc used as casks, but they roqmre re-inflating every ten or twelve 
hours. They should not be employed whem tJie veloirity of Uie current exceeds 
6 feet per sccoml. 

(173). Trtxtlex bridges are constructed, when floats cannot be procured, for 
shallow rivers having a firm bed, and the velocity of which is not much aitove 
4 feet per second. Trestles are made of any material found on the spot, and are 
secured in their i)lace by putting stones or shot insidi- their legs, and by laslung 
tlieir heads to a rope Btretehe<l across the rtvor. An additional leg may lie given 
to the end down the stream. The usual dimensions for the cap pieve are from 12 
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tn 15 feet long, anti fi*uui 9 to 12 indies M]uari'. Tliu Ic^ are made of timber, 
from 6 to !> inches rupiari', tin- diMaiitv between thu feet being about half the 
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height. The Unices may be scuntliiigs 8 inclics by 2. They are never higher 
thjin 10 feet, aiid they are place*! from 10 to 15 feet from centre to centre. 

(174). Pilifi are used when the river is rapid, muddy, and wide, more espe- 
cially if tho bridge is intended to stand n long time. For the passage uf infantry 
alone, and iu shallow rivers, the piles are driven in by means uf hea\'y mauls ; but 
when they are destined for artillery, they must be driven in by a monkey made of 
a heavy shell filled with lead. Tho piles, I foot in diameter, pointed and often 
capped with iron, are bnried 9 feet, cut to tho same level, and fitted witli a head 
piece on which tho balks oi-o placetL The number of piles ia each row variea with 
the width of the bridge ; they are usually 3 feet apart The rows or piers are 
as far apart as the leii<^th of the balks will allow. 

(175). Rope bridges are not recommended; they are costly, cumbersome to 
cai'ry, unrl liable to destruction througli alternating dampnci^s and dryness. They 
have nevcribeless been frequently employed. As early as 1515, the Swiss con- 
structed a roi»e bridge across the Po near Casalc, over which they transported their 
artillery. Tho French did the same in their campairrn in Italy in 1742, and in 
1792 there was a regular rope bridge in the service. During the Peninsular war 
both French and English had recourse to them. In 1810, the French bavhig 
destroyeil an arch of tJie hri<lge of AIcTantai*a, Colonol Sturgeon re-established tlie 
commtinication with ropes. This bridge consisted of a network of rope fixed to 
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two moveable beams, stretched at each side of the arch by five blocks of pulleys 
fixed to a strong sleeper secured in the masonry. This network was supportod 
besides by three hawsers stretched tight lietween the two slee|wrg, and prevented 
from oscillating by the guys underneath. Over the network crttss beanks reste<l, 
which suppuiled the balks and their chesses. 
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In a system saccosflfully tried nt Metz in 1827, the suporstructuro <^onsi«t8 of 
trnnsTcrsal beams supporting tUo balks and cbessus. Tbusti beams aro borne hy 
BUBpendiiig ropes attaclietl to four strong cables, two on isacb side, parsing over 
lionee 12 feet bigb, and stretcbed by means of 8 blooks of pulleys &xed to strong 
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beams, which aro secured in the ground at a depth of 6 feet Lateral oscillations 
are prevented or at least diminished by two ropes, crossing each other sei-eral 
tunes under tho flooring; tliey are fixed to the ground and maintained in their 
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position by rectangular frames, which have pulleys at tlieir angles on which the 
ropes run. The vertical oscillations aro prevented by guys underneath. 

076). A largo river is not likely to arrest an anny, because tho necessi^ of 
proWding means of passage has been foreseen, bnt a small stream, a canal, a 
broken arch, &c., may cause a serious interruption in tlie march. In such a case 
every available means bocome« valuable. A small detachment may pass over a 
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anchored in tlie middle of the river, with u cable usually equal in length to l;* the 
width of the stream. This cable strongly secured up tlie fltream» is sujiportod by 
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hnoya or boats. It is attached, near the stem, to a windlass, nud traverses on u 
horso erected near the bow, at about ^J of the length of the mft The ruddiirs 
give to the raft a proper direction Flouting wharis are constructed on each hank 
to facilitate landing and embarking. 

If the river is vory wide, a wharf is fixed in the middle^ and two flying bridges 
are employed. 

The angle which tlie rati makes with the cun-ent varies with the length of the 
mooring. Wlieu the cable is only half the wiJtli of the river, tlio angle at. depar- 
ture is 90^ that of :urival 0° ; when it in equal to once the width, these angles aru 
respectively 68o and 40° ; and when the length is 1 J tho width, tliey arc 64^ and 
44®. As a rule the raft should always make an angle of 45° with the cable. 

(178). The trail is a raft, warped across a stream by moans of a chain or rope 
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stretched from l>ank to bank. A rope is attached to Uie rafl or boat, and by 
means of a peculiar pulley, called traveller ^ slides along the chain. The current 
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FERRIES. 



CMIS08 Uio niftt to puss when ita siirfaiw forms an angle of 55o with the directiun 
of the slreauL It is preferred for rapid and moderately wide livtire. A tniil may 
consist of a rail liaving the form of a rhombua with angles of 55% attached to the 
chain by two ropes. 
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(179). Ferries are flat bultomed boats witli moveable gangboards. Such a btKit 
is carried across by tneans of a rope stretohed across the river, on which the men 
pall. This rope may partially dip in the river and rest on two supports fixed to 
the boat. In 1796, at Placouiia, Napoleon convoyed 500 men and 50 horses at a 
time across a ferry. 

(180). To complete this chapter^ wo may add a few words on tho solection of 
the point of passage and on the details relative to the calcttlation ncoossary for the 
construction of a bridge. 

When the paasagB of a river h Ukely to he diflpnted, the best jwsition for a 
bridge is on a bend, presenting its concavity towards the enemy, because it affords 
grtater facility to concentrate fire upon liim, more especially if tho opposite bank 
is commande<I. There should Imj in fi*ont sufEoient space to allow the army to 
take position after its passage. Tho bank should be high, because in sudden rises 
sliallow banks cause rapid alterations in the width of the river, but high bonks are 
seldom foiuid in bends. 

When the passage is not to be disputed, the straight parts of tho river are tho 
best, Hince tho bod is lewt liable to vary, but a j>assago should nut bo attempted 
immediately bolow a bend, or at the oonfiuence of a river, or at a town in 
posHcasion of the enemy who might send 6re-rflfta, Ao., to destroy the bridge. 
Islands may aumetimcs bo turuod to advantage 

The reconnoissonce or information received from tho inhabitants may lead to the 
discover)* oifordB. Thoy ore chiefly found in the rapid [tarts where a straight river 
widens, or obliquely acroas a bend. The depths should not exceed 2| feet for 
artillery, 3 fuvt for infantry, and 4 feet for cavalry. The width of Ihc funi is 
indicatod by pickela, Uiu cavalry [jassea up tlio stream, the infantry lower down. 
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Jet may sorvo for the passage of infantry when 3 inches thick, of light artillery 
when from 4 to 6 inches, and for any weight when above 6 inches. Even when 
the thickness is not sufficient, passage may be obtained by laying down straw to the 
depth of 6 in('li(>«, and pfluriiiff water on it ; tlio water rapidly freezes and will carry. 

(181). Before constructing a floating bridge, it is necessary to c.ilculatc the 
weight it lias to carry, and the number of floats. The latter depends on their 
buoyancy, and on the scantling of tlie timber used for balks. 

The weight to carry is that of the troops, and of the superatruntiu^ An 
infantry soldier fully equipped weighs 15 stones, a horseman 18, a horse 9 cwt. 
2 atones. Kvcry man occupies 20 by 20 inches, and every horse 3| by 9i feet. 

A 9-ponnder gun and cairiage with limber and ammunition weighs about 38^ 
cwt, and with the horses, occupies 40 feet in length. An 18-ponnder ditto 
weighs 661 <^t., and occupies 50 feet. 

The weight of the superstructure is found by multiplying the solid content 
expressed in cubic feet by the specific gravity of the material, and the product 
by 62lhsL 

The solid content of squared timber is found by multiplying the mean breadth 
by the mean thickness, and the product by the length : that of round timber is 
obtained by uiulUplyiug the length by the squai-e of the quarter of the mean girth. 



SPECIFIC GRAVITIES. 

Larch 630 

White Pine -551 

Cedar -SGi 

Willow -685 

Syosmore '604 

Cheitnut '604 

lime tree '604 

Ptartroe 'G50 

Yellow pine '652 

Ked ptno 'C£7 

"Walnut -671 



Elm -673 

Cheery Irce '715 

Oak (BeaBoncd) '743 

Teak -750 

Mnple -752 

Plamtree *755 

Apple tree -79.3 

Alder -800 

AaU '845 

B«cch -862 

Olive Iroc '927 



Irott(bar) 7-700 

Iron (cut) 7-264 

Tin (cast) 7-291 

Stod 7-816 

Brass (cast) 7-824 

Copper (cR«t) 8-788 

Copper (flbeet) B-910 

Load 11-352 

Cork -240 

Poplar (comraoD)...... -383 

Poplar (Pptnish) -529 

The buoyancy of a float is ascertained by expressing in cubic feet the solid con- 
tent of the [lart to lie sunk, and multiplying it by 62 lbs. Tho product, minus the 
weight of tho float, is the buoyancy in pounds. To find the weight which planks, 
trees, rafts, &c, would carry before sinking, express their solid content in cubic 
fi«t and multiply it by 62 lbs., and tho product multiplied by tho difference 
between t and the specific gravity of the wood, gives tliat weight in pounds. 

For casks, the solid content is found by the formula 01309 L (D* + d* -f 4 
M"" ) in which L roprcsenta the lengtli, D J, tlie inside diameters of the two ends 
and M the diameter of tho middle, all expressed in inches. The product diWdcd 
by 2/7'27 gives tho capacity in gallons. The number of gallons multiplied by 
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10 gives tlio displacement in pounds, and tho displacement » minus the weight 
of the cask is tlie huojaucy. The Aide Memoire givou a list oi' naval and i.-oiu- 
niissariat casks: — 



Puncheon 


72 gallons 


Weight, 


135Ibs. 


Buoyancy, G94 


Hogshead 


54 




>i 


iOOlbs. 


57C 


Barrel 


U 




tt 


7 libs 


» 4*J7 


Half Hogshead 


26 




>i 


59lbB. 


292 


Kilderkin 


18 




t» 


451be. 


194 


Veree 


87 




M 


58lbs. 


428 


Irish barrel 


25 




Jt 


471bB. 


„ 276 



(182). The transverst' strength of l)oflms, as given in the Handbook for Field 
Service^ is found hy (he following formula. 

Id'* 
Let C = — y- where h = breodtJi, <f = depth, l^ lengtli of given lieam. all in 

inches. 

Let S be a co-oflficiont, depending upon the nature of the material. 



Good bar iron 
Cast iron 
Teak wood 
Ash 



S = 6150 
8 = 7644 
S — 24G2 
S = 2037 



Pitch pine = 1632 

Norway pine =: 1474 

Riga fir — I(»80 

Larch from 842 to 1138 



Oak 



from 1081 to 2261 



If the beam is snppoitod at one end and loaded at tlic other» the utmost weight 
it will bear W = *c. 

If it is supjKirted at one end, and the load distributed over its whole length, 
the weight W = 2 « c. 

If it is supported at both ends and loaded in the middle, W = 4 i e. 

If it is supported nt both ends, and loaded uniformly over its whole length. 
W = 8»c 

If it is supportod at both enda and loaded at a distance m from one cndj 

m(i— m). 

In practice, the beam should not be exposed to more tlian half its breaking 
weighL 

As for the strength of cordage, the sanio Handbook gives the following rule: 
the average breaking weight in cwt. of sound hawser-laid mpe nnder 6 inches in 
circumference, is A\ timea the M]uare of the circumference in inrhes: above 6 
inches it is 4 times the square of the circuoifcrcnco. Cable laid ro]>c is not 
so strong as Imwstrr laid. The weight itaelf of tlie rojie is found by multiply- 
ing the length in fathoms hy thn square of the eireiimfcrence in inches, and 
di\iding the product by 4ti0, tlie quotient gives the weight in cwt. 
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CHAPTER Xll. 
VAUBAN'S FIRST SYSTEM. 

(185). When a town is to be fortified, we suppose it to be surrounded by an 
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imaginarjr figure, a, b, c, d, e^ /, caWed a Polygcm. The sides a 6, 6 c, &&, are 
called Fronts. 

(186). When these fronts are of the same length, and tiie angles of the poly- 
gon equal, the fortification is called Regular. When, owing to the accidents of 
the ground, hills, rivers, &o., these fronts and angles are not equal and equidistant, 
the fortification is called Irregular. 

The study of regular fortification forms the basis of the science ; it is the pro- 
vince of the engineer to apply it to irr^ular sites in the best manner, a task 
sometimes eminently diiBcult. 

The fronts being supposed to be equal in length, and exposed to the same dangers, 
it is evident that the combinations of their defence must be alike ; therefore the 
object of the study of Permanent Fortification is to find a perfect outline for one 
front — a problem still to be solved. 

(187). The various lines constituting the trace or outline of a front, form what 
is called a System of fortijicationt and as every system results from a particular 
combination, it bears a particular name, usually that of its inventor. 

The number of tliose Systems may be said to be indefinite, several hundreds 

r 
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having been Buccossively propoeetl, uud many being still broufjbt Ibrwani evi 

day. 

Tho outline ol' a system is independent of the length and disposition of the 

fronts, and to facilitate tho construction, rules or fonuulaj are laid down (br every 

one of them. 

To understand thorojiglily tho combinations adopt©*! for tlie dcfenoo, it ia 

necessary to be familiar with the method of attacli, and we shall therefore beirip 

by gi^-ing the outline of a system (one of Vauban*s, for inatance), and by exidain- 

iug the prueeas of attack, before any fiirtlier consideration of modem improvements. 
(188). Vauban, a Frencli general officor (16:13-171)7), is the author of several 
systems which bear his name. Ho never gave niles for tlieir construction, but 
fortified towns as ho found them, improving the fortifications already erecte<l, njid 
making the best of the sites. His name has become vory jwpular, and in England 
he is generally considered as the inventor of the whole scieuco. Such is not, 
however, tlio case; distinguished engineers had before him greatly improved tho 
old outline of tho clumsy bulwark, and his first system is but a slight modification 
of one in use before Ina time. (465, 275.) 

He has done more against Fortification than for it; it is ho who discovered the 
ricochet fire, and so much improved the means of attack, (hat tlie defence has 
ever since been miequal to it. His successors, in comparing the various fortresses 
he constnicted, have for the sake of convonicncc c1as$ific-<l them into throe systems. 
The second system is to Iw found only at Beford and Landau, and the tliird at 
New Brissach. To tlw first belong upwards of thirty plaoes which he entirely 
constructed, and many more that he merely improved. This system wu ahail 
select for exnmple,and explain it ns re'/iiired fnnn Candidate* fvr Afllitart/ Service.* 
But it must bo bonie in mind (and tlils we shall sue heroafte^'), tJiat Vauban had 
no fixed system at uU, and that many modifications uf the following method are 
to bo fi)und in his fortresses ; still, as tho formula adopted gives all the leading 
features of bis early metlioils, we sclecl it 
The line oC fiT>nt A B =: 360 yai-da. 
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* R*f(>r« 18.18 tritry raiMlliUu* Tor Itir vnaj irw tKpccted ui dni* thn ouUlai* u>J tha jmfile of 
Vuulmi'* lint ayKtcm- It b Tor them tlwl ummI rif tha oluipter wm writtm, ftuJ u no ollif kitriwlrdjc* of 
AvtiAcaiion «u raqnire^l, It w«* o m wmn to to tmy wtflkU. Ummw iIk tlmtmtuy ivm mt iliu cfaaftcr. 
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The capitals of the two bastious arc next drawn. As they bisect the angles of 
the polygon, the angle which they make with the Line of front is equal to half 
the angle of the polygon. We learn from Euclid that n being the number of 



sides of the polygon, any angle =: 



_ (2 n - 4) 90". 



The capitals make therefore 



with the front an angle of 4o° for the square, of 54 fur a peutagtm, of 60 for a 
hexagon, Ac, In our example, we have selected the hexagon, 

The perpendicular = ^l of the front for the hexagon and all polygons of a 
greater number of sides, |th for the pentagon, and ^th for the square. 

The facc8 i= : tlia of the front. 

From the angles A, jB, of the [mlygon as centres, and with a radius ^ the 
tlistanoe to the furthest shoulder angles, if arcs are described intersecting the line of 
defence, the chords of tliese arcs give the flanka, and by joining their oxtromities 
tho curtain is fonne<I. 

The main ditch is obtained by describing from the salients as centres a cii-cum- 
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ferenco, with a radius of 30 yards for a dry ditcb, 36 for a wet one. Tangents 
to these arcs, drawn from the shoutdei'-nngles, give the counterscarp. 

The Tenaitlet in tUo Main Ditch, coincides with the Line of Defence; ita tbick- 
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neas is 16 yards. Ita extremities are parallel to the flanks of the Bastions, and 3 
yards from tlicm. 

In the square and pentagon, the perpendicular being shorter and tho angles 
leu obtuse, tlie gorge of the tenuille thus traced would not lea%-e sufficient room 
before the curtain : it is tlierofore nct^t'ssary to draw the gorge n b parallel to the 
curtain an<l at 6 or 7 yards from it, tho escarp c H being as usual 1 6 yards furtlici-, 

1- 2 
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The salient of the ravelin is on the perpendicular at 100 j^arda from the re- 
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entering angle of the counterscarp. Its faces are directed to a point 10 yards 
from the shoulder-angle of the bastion. The ditch of the Ravelin is 20 yards 
wide, and its counterscarp is parallel to its &ces. 

In the main ditch, and between the tenaille and ravelin, a double caponier is 
usually placed ; its crests are parallel to the perpendicular, and 6 yards from it ; 
the foot of its glacis is parallel to its crests at a distance of 20 yards. A passage 
of 3 yards is reserved between the' head of the caponier and the ravelin. 

The Covered tray is made 10 yards wide, and its crest is parallel to the counter- 
scarp. 

Flo. 413. 




At the re-entering angles, by setting off 30 yards on each side^ and drawing 
the faces, db, dc, at an angle of lOO" witl) the original tracing, the Re-entering 
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Fhce of Arms » found. The tcrreploin of tlie covered way, at the Balients, 
Sf Sf S, forms the mlient places of arms. The foot of the glacia is paralicl to the 
crest of the covered way, and 50 yards from it. 
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Traverses are oonstraeted in the covered way ; they are 1 8 feet in thickneaa. 
Those that enclose the salioot places of arms are formed on the prolongation of the 
faces of the ravelin and bastiou. At the ro-onteriiig places of ai-ms they are perpen- 
dicular to the counterscarj). In tlie middle of the branches of the covered way of the 
ravelin there Is anoUicr traverse, also perpendicular to the coanterscarp. Passages 
called crochets arc made around the head of every traverse: (o trace them in tlie 
oatlino, the crest of the glacis is drawn parallt!! to the head of the traverse 4 yartls 
from it, and then to the front and rear, at a distance of 5 awl 6 yards respectively. 

Fw. 414. 



The first lino of parapet that encloses the place, consisting of bastions, flanks, 
and curtains, constitutes what is called the Bodtf of the place, or Etice'inte. Within 
the glacis, works like the tcnaiUe, caponier, ravelin, covered way, &c.f are colled 
Outic&rks, Any work erected heyond tlie glacis, and within musketry range, is 
denominated on Advanced Work^ to distinguish it from DetacJted Works, which 
are beyond range, althuugii connected with the general defence of the place. 
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HoUav}. If the interior is filled up to the level <^ihe terr^lein of the rampart, 
the bastion is called FulL 

A flat bastion is one whose demi^orgea are in the same straight line. 
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(190). Alon^ the ramparts, ram[>8, from 4 to 6 yards wide and 20 to 30 yards 
long, ore constructed to facilitate the possago of men und artillery. The figures 
422, 423, 424, represent these ramps at the salient of tlie ravelin, on the curtain, 
and on the Hank uf a bastion. 
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Tho communication between the plnco and its oul^vorks is established by meana 
of a postern or gallery, under the curtain, opening at tlic foot of its escarp. A 
vanlted passage under tho tenailln leads to the oounterscarp of the ravelin. 

Staircases called pas de souriSf give access from tho ditch to tiie lenvpleins of 
the ravelin, of tho tcnaillo, and of tho re-entering and salient places of arms. 
Thoy are 6 foet wide and 36 foot long, except for the tonaillo, in which they are 
only 30 feet long. 

They are either single or double. Those at the salient places of arms before 
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ilie bastions are circular and dcscribwl, as the figure shows, with radii of 90 and 
96 feet The ocntrea of the area are found by the intersection of two circles of 
90 feet radii, descriknl from tho foot and the lop of tJie staircase resi^tively. Tt 
is usual to leave 18 feet distance between the double staircase, measured on the 
foot of the ooontenoarp. 



SALLY PORTS. 
Flo. 437. 
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Tlie covered way communicates with the oountry by SaWy FortSj or cuttings, 
4 yards wide and 8 yards long, made in the glacis* in the middle of every 
face of the re-entering place of armsi. To mask them from the view of the 
enemy, they nre directed tnwanls the adjacent salients of the covered way. {See 
Fifj. 421.) The crochets are 9 feet in the clour; the dimensions given in the 
ontline allow for the various slopes: they are 4, 5, and 8 yards in round umubcrs, 
exactly^ II, 16, and 23^ feet. 

The banq^uptte of the covered way as well as that of the traverses, is pro\nded 
with a row of palisades ; the crochets and the sally-ports aro closed with barrit^rs. 
This palisading is generally dispensed with mitil the place m threatened with a 
siege. 

(191). To separnto wet ditches from dry ones, a wall, called a Batardeau/\& 
built across ; and to prevent it trom serving as a passage, it forms an imgle at the 
top, and a towor of solid masonry is erected on its middle. In these bjiiardeaux 
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sluices are uaaally placed, in order lo (ill up the dry ditcli, if necessary, when the 
besieger atlenij>ta t« carry his approaches there. Batardeaux are generally oon- 
stmcted at the salients of bastions. 

(192). Vauban lios given to the revetments of the scai*ps a slope of 4 for all 
heights, then-by obtaining massive walls for low soar]^, and weak ones for high 
relief. These walls, 4 or 5 feot tliick at tho top, are strengthened by buttresses, 
or eonnterfortSy on tlic rear, tlie etl'ect of which is to relieve the wall, and to resist 
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the breaciiing batteriea more cH'ectualljr than a plain scarp of superior thickness 
(see 322), they stand &om 16 to 18 Tt-et apart 
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The iouDiifltions arc 3 foet deep, aiid their bruadtii exceeds by 18 inches that of 
the rovoimenL At the tiip of the pjicarp a coping-fltonc, A, projecls, to prevent 
\rati>r froni runoing along the slope and fi]t4.>ring through the joints. It forms a 
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continuons cordon all along the rongirtml line of the enceinte and of the ravelin. 
The wall of counterscarp is carried up to the licad of each traverse. 

Such 'm ttie fiivt System of V:iu)>an. I'o understand iia value it is neceesary 
to know tlie methwl of attack tn ivhinh it must offer resistance, and this we shall 
oxoinino in the next Chapter. Though the chiof reliance is placed on musketry 
in the defence, it is none the less a fact that artillery is the essential element in 
the defence of a fortress. Bousmard calls it the soul of a place ; Carnot says that 
a forti'esa is but an immense batterj', &c. To tho garrisoning and armament of 
fortresses, we shall direct our attention ; of (snirse the guns are employed chiefly 
on the front atta^tkuil, — some flanking the main ditch^ some that of the ravelin ; 
others on tho capitals of the bastion or ravelin commanding the appi-ooches, and 
on the faces of the latter a tew guns flank tho salients of tJie bastion. 
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CHAPTER XIIL 



TACK OF A FORTRESS. 



SECTION I. — Ibkeqitlab Attacks. 

Pennnnent Fortification, we repeat, cannot be Icamt unless t^ie ftttaoks }-ie 
thorougiily understood. Wc shall tlicrcfore dwell on this subject, and after 
hftTing discussed the mothod adopted lor the attack, we shall give the conduct of 
the defence, both being so intimately connected that any attempt to study them 
separately could but bring confusion. 

The hostile efforts directed against a fortress aro of two sorts: to the first 
category beloug all those that are not regulated by fixed rules, to the second those 
that are conducted according to rules given by experience, the ensemble of which 
constitutes the art of sieges. 

(193). — In the first place is tlio surprise, which is now of very rare occurrence; 
Its succesa depends on secret intelligences with persons insido the place, and on 
the maimer in which the service is [>erformcd ; it is usually combined with 
attacks of Vive Force. But the garrison must Ik? weak, and tiie scarps easy of 
acceea. Secrecy and rapidity of execution are most essential, since, in case of 
failure, the retreat must be made under the firo of the placo. Besides, Uic forces 
must he considoralile, for the garrison may rally to a central point, and then 
charging tlie acattei-ed columns of the assailants, easily overjmwer them. Prague, 
garrisoned with 2000 regular, and 3000 irregular troops, was surprised by the 
French in 1741. Schweidnitz, witli 3000, was taken in the same mamierby 
General Lauditn in 1761. Owing to a door badly constructed, through which 
the French musketeers found an entnuico, Valenciennes was taken in 1667. 
Great danger, however, attends these operations ; and although the Crimean army 
has been found fault with for not attempting to take Sehastopol by a eMip-de-mairif 
yot it actfd acoordinjj to the niles of esperJenro. At Cremona, in 1702, Pruiee 
Eugene contrived to enter by night with 4000 men, and to carry off the Governor, 
Marshal Villeroy. but an Irish regiment ev(»itaally drove him away. At Berg-op- 
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zoom, in 1814, the English hail already surpnsed anil occupied mvoral bastion<i, 
yet they were repuleed with oonsidurahlc loss. It is imiK>rtant to know thedispo- 
sitiun of tho works, tht.> depth of tlic ditches, and tlio height of llie scarps; to 
provide the men with ladders of proper length ; to be aware of the negligiiucos 
habitual In the mrvice, Sic The attacks should never be attemptod at nij^lit ; ttie 
scarps of the ravelin being often mistaken for those of the enceinte, the columns 
lose their way, and tlio confusion becomes great 

Early in the morning is the beat time. Tho columns of attack must be strong 
and well supported; the commanding oflicer should bo a man of action and well 
acquaintt^^ with what he has to do when once in the place, or wlipn he lias to 
retreat. These attacks are only niado now when some urgent reason, such as the 
arriTal of hostile reinforcements, compels the general to make a dcs]iorate effort 
before retiring. 

(194). Scaling ladfler» are now made in lengths of 12 feet, and tapering so 
as to 6t into one another. They weigh 60 pounds each. Their cxti-emities are 
provided with staples for fixing them together, and they are scoured by lashings. 
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Each joint, when tiius fixed, gives an effective leugth of 10 feet. Smaller 
ladders, 7 foot G inches long, nre also nuvlo, and in ordor to employ them simuU 
taneously with the others, tliey have the same width at top and bottom. 

A wall fi-um 10 to 18 feet high, requires 2 lengths; from 18 to 28, three; 
from 28 to 3.1, four. As a mio, the ladder should over-reach the height of scarp 
3 feet, so that it may be placed unc yard from the foot of the wall, and also assist 
tho men in stepping from it upon the wall. Two men carry one length, and 
three men a double lengtlu 

When a fortress is fai be escalado^l, a pmvious reconnoiflttaiioe will osocrtain the 
heights of tho scarjis. 

Tho men tntcndc<l fur the operation are divided into two equal portions, the 
storming party and tho covering party. 

The ladflrrs are prepared in lengths and duuMe leiigtlis, and laid uu the 
ground out of sight of the enemy. The storming piirt^* divided Into Boctionx of 
five proceed to tho l«ddera, three men taking the double, two men the single 
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lengths. They movo on, cari*ying the laddtin on their right shoulder, and having 
their muskets slun^; over the left. They are piidod by engineers, and accoin]>anied 
by gappera ; the covering party lica flat on the crest of the glacis, ready to fire 
at tlie parapet sliould the defeiidont attempt to prevent the escalade. The ladders 
ore applied to the coiuiteracarp, and when tlie Btorming party ia in the ditch, it 
proceeds to the escarp witli j only of the ladders; those left at the counterscarp 
will enable the covering party to come to their support- The ladders are planted 
firmly ; but if they are found too short, tliey are ruiiKxl, and on aiUlitional length 
is sectired below. The men then fix bayonet and ascend. It is proper to give a 
sap-hook to each loading man, to enable him to secure a good footing, oud give 
ussistajico to those that follow. 

A new kind of scaling ladder has been lately proposed by Mr. Fawciis. It a 
only 6 feet long, and weighs 25 pounds. The lashing is done away with, and 
■the lengths are secured by bolts. 

(105). iViiotlier sort of attack, which has been called Artillery attack, may 
succeed when tlie escarps are low and exposed. It consists in opening u breach 
flt 600 yards distance, or even further if necessary. Approaches (206) are tlien 
rapidly executed up to the ditch, without giving time to the defenders to 
throw up introuchmcnts, and a constant fire of mortars and howitzers is kept 
np on the breach until the moment of attack. In a day or two the breach can 
be made. Cindad Rodrigo, and Badnjos, were breached in tliis manner. 

(196). Sombardment has generally but little effect, since both the men and 
ammunition in a ganison are usually provided with bomb-proof shelters; the 
strength of the fortress is not much impaired, the honses alone snflenng. 

With populous towns, little dispogoil to resist, it may answer; but if the 
garrison is determined, shelter will soon be con8tructc<I and fires extinguished. 
These attacks ore of difiicult execution, and require enoi^nous power of transport 

(197). Blockades arc i-csorted to against a garrison abundant in men, but 
badly provisioned — wliich ha]>pens more frequently than is generally supposed. In 
1806, after tlio battle of Jena, the French found largo bodies of Prussian troops 
heapeil, so to speak, in forb^esses. In that case it is essentially necessary to 
blockade exactly all the circumference, and to occupy vigoroufily all the strong 
points, in order to suppress any attempt on the part of the enemy to evacuate. 

(198). Siege, — Regular attacks proceed more slowly, but are more certain ; to 
take up a position round the place, mtercept all communication with the exterior, 
approach nearer and nearer to the crest of the glacis, open a breach in 
the enceinte, reach the garrison, and compel it to surrender, — such ia thoir 
ensemble. 

These attacks once li^un must bo carried on without intcrroption, otherwiae 
the garrison will construct new intrenchments, replace its {larapets, and organize 
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a more powerful defence ; they should therefore on\y be undertaken when tliere is 
a certamty of the arrival of tools, artillery, nmmunition, &c. 

This qnesiion of tools and implements is very imp»rtant, and althoa^h their 
qaantity varies with the strength of thu place and that of its gnrriMon, yot on idea 
may be formed by observing that the most recent si^es give, us neccasaryf an 
avsrago of 70<»0 pickaxes, lO.lHlO shovels, 3(X)0 axea, 6000 hatchets, besides 
special tools for sappers and miners. The imploinonta required are 7000 foticines 
for trendies, 100,000 ditto for revetments, 20,000 gahionB, 10,000 fagots for 
sapping, 60,000 * sandbags, besides a proportional numlwr of pickets, hnrdlcs, 
sap rollers, btinds, &c 



SECTION II.— SiKGK. 
SBcnox X, — 

(199). The first operation made by a besieging army is the Investment of 
the place. 

Its object is to cut off all communication witli adjoining towns or corps of 
troops, to prevent the garrison from getting rid of encumbrances, to lay hands 
upon all neiglibauring and distant resources, sueh as corn, cattle, wocxl, Jcc, to 
intercept any detachment not actually in the place, and to favour the reconnoit- 
ring — an important item, which will spare false movements and loss of tini& To 
insure success, the investment should be sudden. It is generally carried out by 
detachments of cavalry and field-artillery, or of light infantry, according to the 
nature of tlie ground, which during the day keep themselves out of rnnge, and 
approach nearer at uight. Their strength varies witli local circum stances, and 
their march i^ regulated so as to bring tlicm at the same ttino before the place. 

The investDicnt should lie complete, otherwise the besieged will Ix; enabled 
to receive reinforoemcnts, as was done at the sicgo of Namnr in 1695, at the 
attack of Flushing (1809), or to cause serious annoyance, to the besiegers, as 
at Badajusin 1812. 

The army follows one or two days after. In tlio mean time, the position of 
tho camps has been dctennine<l by ivconnoitring ; they arc usually out of range 
(three thouiiaiid yards from tho glacis), and tho best use is made of the ground to 
conceal them from tlir views of tlic place. Sometimes lurracks are constructed. 
The {«rks of artallery destined to receive the ordnanoe stores and ammunition, 
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and tlie engineers' pork for the tools and unijlemeuts, &c., are formed at the 
same distance. 

Whilst the troops are encamping, field-works are thrown up to occupy die 
chief points and protect the parks and magazines of all sorla against surprise; 
and such bridgos^ trenchos, <!icc, as are necessary to coiuiect the investment, are 
constructed. In early times it was customai'y for tlie besieger to intrench him- 
self between lines of con travail ation and circumvallation, tlie former to resist the 
surlies, the lattor to protect the rear against any attempt made to force him to 
raise tlie siege. This method is now obsolete. Tlie lines of contravallation are to 
a oei'tain extent replacfxl by the trenches themselveti, and a few redoubts on tlie 
flanks. As for the lines of circumvallation, ex]»erience has proved that they are 
dangerous (81) as defensive positions, unless the enemy can present himself on a 
limited front only. It is hotter, in case of an attack on the rear, to leave sullicicnt 
forces to guard the trenches, and to march to tlie enemy. 

(200). In the meanwlnle, olBoora proceed to make accurate reconnaissance of 
the place, in order to determine the point of attack: During the day, they advance 
with a small escort to within 400 or 500 yards of the glacis. At night they 
endeavour to reach tlic covered way, fatliom the depth of t^^e ditches, &c. 

The reeonnaissiuice should l>e made so as to leave the enemy in perfect ignoi-ance 
as to which front it is intended to attack, otherwise he will lose no time in 
strengthening it, by all the means he can dispose of; and to deceive him, false 
attacks have sometimes been made, as at tho sicgo of Qnesnoy in IV 94. 

The general plan of the place, and of the surrounding conntrj*, is kept by tho 
engineei^Sf who sketch every day on it the works destined to be constructed iluring 
the following day, and definitively trace iJic works executed the day before. It is 
usually made at the scale of -,-„ ,',^,^i ; the plan orthe attacks as far as second parallel 
is on a scale t-;-S,..i> *u*1 ll'*t of the rest on a scale i-^J^-.,. Plans of most 
fortresses ai*o always to bo had: the reconnoitring party then completes the 
infonuatioiu 

III tlie selection of the point of attack, tlie nature of the soil baa a great 
Influence, a rocky soil being an iosnrmonntablo obstacle. Marshy and gravelly 
soils are to be avoided, as well as those which are liable to he inundated. A 
river is also a serious obstacle. 

The coafigiiration of the ground is next considered. When it rises towards 
tbe place, it liic'Jitutca tlto defilade, but is very disadvantageous for the batteries; 
hollows running per|>endicnlar to the front arc dangerous, but a ridge aifords 
gooil support to the trenches, and may eventually mask them. 

It is iin|N)rtant to direct the attacks u[K>n pouits whcrc a »u[>eriority of fire emi 
be ohtaitied ; tJiorcfore re-entering angles and straight tines ai'o lull, and salients 
are selectctl. Ther^ are examined, as well as the works that sup|)ort them; their 



3S4 



THE POINT OF ATTACK. 



Haok defences, iho heiglit of their oscArps. their dry or wet ditches, t})e namber 
of outwurks to 1)0 succt'ssively carried, the fiicilities for the besieger tc) throw up 
intrenciiments on these points, &c The proximity of woods, Ihe facility of 
commtinioatinn, tho line of retreat, die., all influence the selection of tJie point of 
attack. 

The [xiint of attack being selected, the commanding officer of ou^ncers, assisted 
by the ofB<H;r coiuniandljig the* artillcrv, draws the project of attack ; and the 
uommander of tho forces decides, in ca8c any difference of opinion should arise. 

This project generally embraces one front only, and consists of three partial 
attai'ks, one un the ravelin, and one on each Ijastion. Attacks on two fronts 
require a very large force, and if tho two fronts are nut contiguous, thuy demand 
a double army. 

When the an^le of the polygon is very obtuse, it is better to attack two ravelins 
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and a bastion, otherwise tlie collateral ravelins AA would become a serious ini- 
IMHlinient, their fire taking thu besit^em in flank. 
]f the angle of tlie polygon is not very obtuse, it is bettor to select two bastions 
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sdd tbeir ravelin ; tho oollatcral work3 {rive but an oblique d(*fpnce, and the 
bericiger has the adva:ilage of {giving two simultaneous assaults on tho body of the 
plac«. 

(201). During tire invostmout and tho reconnui.ssancc llic tools and implenienta 
arc colleotfd and prepared, if this has not lici^n donu liofore, and according to the 
osttmattvi of the ciiginw-rs, the noceasary numU^ of gabions, fiueinos, sap faggots, 
sap rollors, pickuta, Ac, are made. 
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(202). It is :iIso of tlie utmost importance that the prolongation of tlie faces of 
the works of the front of attack should bo aocuratoly determined ; and the position 
of the capitals ascertained, and marked by pickets, on tlie grouud. This is somo- 
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what ditlicult, bocause the glacis now marks the masonry, but in wotclihig the 
green slopes in the morning and In the a^nioon, the various shades of light tliey 
present serve to gnide Uie officer in his reconnoissance ; ho must occasionally 
ascend a Bnudl ladder, when tiie aun does not shine. If the slopes aro clearly 
soon, the prolongation of the capitals is at once olitained by planting two picJteta 
in a line with the intersection of the parapets at the salient angle, and tlte 
intersection of tJie crests of tlic glacis. II' this is not possible, the prismatie coinp:iss 
will answer the purpose (fig. 435) : uieasuix- the bearing « uf a A, and then j3 of 

h B, then — =— gives the angle of tlte salient, and ~-^— the azimuth of the 
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capital; after this, aim at tho salient, and move about until the compass bears 
*— ■ - P ^ when a point of llie capital will be found. 

SBoncif ■. 

(203). FirMt Parallel, — Lot us suppose tbat tlie attack is made on a ravelin 
and two bai^tiuns. The first step is to throw up a continuous iutrenclinicut tliat 
will sei-ve as a basb to Uio subsequent operations. It is parsllol to the general 
contour of the fortress: hence its name of " parallel." It is constructed at 600 
yarda from tlie most advanced salient of tlic place, because at tliiit distance tlte 
troops employed to break tlio ground are not muuh exjHised to grapeshot; the 
garrison cannot hear the noise, and is too far off to attempt a sortie ; besides, 
experience shows that, at tJiis distance, threo-fiftlis of tlic rounds fired from the 
batteries established before the parallel LlKo efl'ect At a greater tlistanco than 
600 yards the practice would become too uncertain. Sometimes an accident of 
the ground permits the parallel to be eBtablishe<l at a smaller distance. 

In 1794, at the siege of Mae-iitricht,,a hollow within a small distance of the 
place served to establish the extremity of tlic parallel At Bouchaiu, a hollow 
within twice pistol range allowed the besiegers to construct a place of arms the 
first night of tlie opening of the trenches. At Limburg, the dragoons succeeded 
in fbrming a lodgment within pistol range, under cover of sonm hedg*.-*. At 
Bayonne, in 1814, a hollow road jraralM to the works enahled W'ttllington to 
oorao within 240 yards of tlie plaoa At Malta, in 1600, fences of stone were 
similarly tamed to account by the bosiegeni. 

AtTortoM, in 1610, Mnrschal Suchct opened the trenches at 300 yards, being 
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favoured by a. heavy fall of snow. At Aiitwerii, iu 1832, tlie French opened theirs 
nt 400 yttfds, being covererl by hodges and garden encloeur(*s. 

It is sometimes necessary to construt't the first parallel at a nuicTi greater 
distance than 600 yards, when the nature of the ground renders tlie construction 
of the apiiroat^lies (20fi) dlfticult. At the siegeof Ypres, Fribnrg, Mons. Nainnr, 
Maestricht, Gibraltar, &c., the ricochet batteries could only be ojieuod at a distance 
from 1000 to 1200 yards. 

The tracing of the parallels, due to Vauban, who employed Uiem for the first 
time at the siege of Maestrieht, in 1673, is very important The parallels must 
embrace all tlie works that command a view of the attacks, generally the collateral 
fronts. They enable the Iwsieger, with immense advantage, to repel the sorties, to 
flank his further advance, to protect liis batteries, and to connaet all the attacks. 

The first parallel is traced on the ground by means of pickets, close enough to 
guide the engineers during Uie uiglil, and Uils is usually done at dusk, a short 
time before the working party Iwgins, pieties of tape connecting the pickets to 
prevent mitttaki'-s. 

Between the Brst parallel and the parks, at 1200 or 1500 yards from the place 
or wherever convenient, depvt*^ or statioas, for the toolsand mati^Hal necessary fur 
the daily supply uf the treucbes, are established, :uid their communications with 
the parallel are traced at Ihe same tunc?. ' 

•When these tracings are completed, the number of men necessary for the 
excavation is easily calculated, each man being allowed 6 feet 

(204). At nighl-fidl these workmen are collected in the dei)6ts, where they 
receive a hIiovcI and a pick-axe eacli, and are formed into aa many columns ad 
there are capitals crossing the parallels. It is important to deceivo the garrison 
as to the time fixed for the " optninij of the treiidtes^ Uierefore it is only at night 
that each detachmout, about 25 strong, commanded by its officers and guided by 
engineers, uiarches to the tracing of the parallel, filing off right and left as they 
arrive there, and lying flat on the ground ; the engineers ascertain that the men 
follow exactly the outline, and place tliemselves 6 feet apart, and to make tliis 
sure, each man is sometimes made to carry, as in tlie French service, a tracing 
fascine, which ho places in a line along the tracing. At a signal, the whole working 
party begins to excavate, throwing the earth in front to obtain immediate cover. 

These workmen arc jirotected by a guard, calculated at three-fourths of the 
garrison: the cavnlrj- are at the extremities of the parallel ready to charge; the 
infantry takes up a position in front or in rear of llie parallel: the different 
battalions detacii pickets in front, and these ag:iin send vedettes and frequent 
{latrols. The covering party should avoid firing on small sorties, but repel them 
with the bayonet, and retire into the parallel when it is sufficiently forward to 
afford cover. 

Q2 
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Dnring the first night, the parallel is oxcavatixl 5 foet wide and 3 feet deep, and 
the coinmuincations with the depots are also executed wiUi the (tame profile. 
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Next day, both workmen and guard are re!ievc<l, aiid llio trench is widened to 
•10 feet, alanting in the rear to carry off the water and defilade tlw simco, the 
guard taking position in Uio jiarallel itself. 
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III general, working parties are relioved every twelve hours, at dusk and at. day- 
break, tlio works being bej^n at night 

To enable the guard of tho trenches to 6re over the parapet, two steps, sup- 
ported by fasciuea, are constructed in the space between the capitals, and iu some 
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part of the parallel similar steps aro cat on both sidtw of the parapet, to |»ennit 
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the troops to clear the parallel easily, in onlcr to march against the sorties of tlio 
besieged. 

The |>rofile of the paraiwt of tlie trencbea h not sufficiently stmng to resist 
artillery, but the defenders will not waste llioir nmnumition in attempting to 
destroy it. The thief protection afforded by t'lo parallel is concealment from the 
enemy's %-iew, the trooiis being scattered behind an extensive line, it would lurdly 
be wortli while for the garrison to fire at them at random. The extremities of 
the panillel are usually socured against flank attacks by redoubt". 
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(205). SatUries, On the second uigkt, when the first parallel is mmpletetl, 
the beete;^ construcrts his battorioH to subdue tlte ftre of the defence, and to 
pennit farther advance upon the phux. They are ocnstructed in front of the 
parallel (at a distance varying from 30 to 50 yards) and rarely in the |>arallcl 
iUclf, Lo<rause they would obstruct t}io movements of troops, and more rarely 
still in rear of it, becattse the fire might inconvenience the men in the trenches. 
But this dejwnds much upon the locality. 

The ricochet batt^rie^ are establishetl perpendicularly to the prolongation of tlie 
faces which are to be enfiladed. They may receive from 3 to G guns to ricochet 
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the tcrreplein of rampart of the raveUn or bastions, and 2 howitzers to ricochet 
the covered way. The space between the prolongation of the parapets and ditches 
aflurda in tliej^e batteries ruoiu fur a few mortars. 

Tliose batteries which are intcndtxl to silence the works wluch cannot be 
enfiladed, are placed directly opposite lUem or wherever convenient: they are 
called counttr batteries. 

All thesu batteries are distin<;iiiiilied according to their nature, as: Cavalier 
hiiiUrieSf when the platforms of the guns are al)ove the gromid ; tlieae are only 
employed when the inequalities of the ground would intercept tho sliots. 
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EUmted iKtUeriea, when the platform is on the ground. Tliis u the sort most 
generally employed, especially for countor-battcries ; and tiie only kind which can 
be constructed when the ground is marshy. 
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Sunken batteries, where the level of tho platfonn is 3 foot below ground, the 
soles of the embrasures eoiiieiding witli its surface. These are objected to because 
the neoeesity of excavating the whole terreplein, 30 feet more or less, entails much 
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labour; the terreplein, snnlt at first 3 feet to get cover, must afterwards be filled 
6 inches; no platform, no revetment, &c. can be fixed until the excavation is 
oomplctetl; tJie embrasures cut through the pai-apet are invariably budly made; 
tlie foundation for tho platfonn is often too uneven, and tlie magazines being on 
the ground arc not so well covered. It is only when a parallel is transformwl into 
a battery that this kind is advantageous, since part of Uie work i.t already done, or 
when the ground falls to the rear. Should the gronnd rise to the rear the terre- 
plein must be sunk, but tlie labour is much increased. 

Ualfsunken batteries are jireferahle, especially for riawhet, bcoauso tiie gmw 
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rajuire no elevation, and there is do danger of seeing the shots intercepted by 
rising ground, whilst they require much Ie*3 time for their construction. 

In common mv\ luid under onliiiary circuinntancos, the elevated batteries sliould 
bo (.■ouipleted in 36 liours, ihc lialf-^unken in 24 Lours ; but all of Uiem should be 
finished before they open fire simultaneously! becaoso if they were to open their 
fire in sncceeeion the enemy miglit destroy thorn In concentrating his fire on 
each. 

The parapet of tiiew batteries is made 18 feet tJiick,and on qMulmntt is thrown 
up at each extremity to cover the gwrncni from tho oblique fire of the collateral 
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vorks; it is tisually 12 feet thick. Splin tor-proof traversea G feet thick at the 
bottom, and 6 or 7 feet high, and 16 foet long, aro erected betweeu each 2 ur 3 
guns ; they are perpendicular to tho parapet, and about 2 feet from it, thus leaving 



Flo. 449. 



a passage for the men to make their escape from that part of the battery in tyhicfa 
a shell falls. 

To order tlie workinjr party destined to construct a battery, we suppose Ihe 
work to be divided into as many pcrtionH as there ai"e guns, reckoning an epaul- 
ment as a portion, and tlic jiarapet before each traverse as half a portion. From 
9 to 13 men are allotW to a portion. Tlie platforms for gims, 9 feet wide by 
15 feet, have a rise of half an intb to the foot» to diminish the recoil : mortar 
platforms hitherto 8 feet square, and now 9 feet wide by 7 feet G inches, are laid 
horizontal. Fonr mea can lay a platform in one hour. 

Mortars require no cmbrasuro; tliey are placed 15 or 18 feet apart, aod 
removed to a distance of 12 feet from tho epaiilment when fired at 40° elevation. 
This distance must be increased when the angle of elevation is less. Tho superior 
slope of the paiapc't generally cou]iterslo|»t>. 

The batteriti! .-ue anned at night, tho guns being taken across the country, since 
the bottom of the tx-enchcs would be toosofL Fifty men can drag a 24-pounder. 

Powder ma^asinca are placed either in the epauimeuts or 30 yards in roar of the 
batteries. The expense magazine holds sufficient ammunition for 24 hours' firing, 
and feeds 3 or 4 pieces. A laboratory magazine serves for tho whole battery^the 
purpose of loading the shells, weighing their charge, and fixing the fuzes. Tho 
form ofthosemagazines varies (figs. 446,447). We represent hero tlio form which 
is most recommended. Fig. 448 is a section of a magazine in the epaulmeut. 
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(206). When tho batteries are constructetl, the besieger in ortler to advonco 
towards tho place* executes coverod roads or trcncLcs in tlic shnpo of zig-zags, 
called tspproaehes, xi^za^St or hoifaux. Tbry are not directed in a straight lino 
towards the place, because they would be enfiladed, but ])roceed obliquely. Tbey 
follow the cajjitats, crossing them alternately right and left, because it is the 
shortefit direction they can follow, and also because thoy do not olwtruct tho firo 
of tlio ricochet batterie-s ; they are besides Icaa exposed in tlie undefended sector. 
Theeo xig-cage aro very nearly limited in length by two lines intersecting tho first 
parallel, at about 70 yards from tho capitals and convoixing on the salient at- 
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tacked; tho labour ii* thereby limited to what is strictly neresuiry; and tho 
dianges of direction, an operation more or leas long and dnngci-oiis, arc rendered 
IflM frequont. The prolongations of these zig-zags should always fall clear of tlio 
mast advaneetl salients of tlie collateral fronts, at 20 or 25 yards from thcin, as 
Vauluin rocomraoiided, A return of 30 foet is tnado at every extremity to cover 
the approach in roar from tho enfilade fire which tiie enemy may dispose of in 
Borties, and also to al|[>w vwna for tools, Ac They should not form witli one 
anothcT an angle less tluui 30^. They may Ih3 mode 1 foot leas wide than tho 
parallel, and 6 iiiclitw di.v|»er, because more cover is required on account of their 
obliquity. 
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Sionor* c. 

(207). Second paralUL On tho fourth niglit the approaches have reached 
half wiiy between the fortress and the first parallel, and a second parallel is con- 
structed, bat if tho batteries hove not slackened the fire of the defence, it is neces- 
sary to wait a night or two more. This pai'allcl is traced by tlic enginccrs> and 
at dusk the working party is collected and led as for the opening of the trenches, 
every man carrying two &ap f;abion«, a shovel, and a pick axe. 

Arrived on tho spot, they place their two gabions 2 feet beyond the tracing, and 
lie Hat on tho ground till the si^ial is given for the excavation to begin on all tlie lino. 
The gabions are filled uj* in 15 minutes, and afl'urd a musket-proof shelter. This 
process is called the Flylny Sap. The first night the excavation is made 5 feet 
wide and 3 feet deep, each man completing his 4 feet, and leaving a berm of 1 i fbet. 
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A covering force in the approaches, or in front if the groand permits it, protects 
the workmen. Next day the work is completed as for the first parallel, and, 
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the gabions are crowned with one or two rows of tascines. Banquettes are also 
erected for the guard of tho trenches, and steps cut to pass over. 

This [)arallel protects the working parties in tlieir further approaches, and 
without it they would be nearer to the enemy than to their ovra supports. 

As is seen by these profiles, the second parallel has a greater solidity, being 
provided with a revetment, to resist tho projectiles. 

Thia parallel is protected iu Hank by redoubu, or is connected to the first 
by zig-zags. 

When the groimd masks some of the batteries of the first parallel, or when, 
owing to the obH<iuity of the faces of tho bastioas, tliese batteries are too far to 
produce efl'ect, they are constructed afresh on the corresponding points of Uie 
second parallel. This ia done in two ways, either tho parallel itself is transformed 
into a battery, in which case trenches are excavated some 20 yards in the rear 
to keep up the commuuicatiou, or the batttiries are constructed in front of the 
parallel. In this case, wJiich occurs when the line of fire is rather oblique, a 
flying sap is carried out to the [Wiut, where the counterscarji of tho ejaulraent is 
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intended to be, then it tarns round foUowing the counterscarp of tho parapet 
Tills flying sap serves as a screen, behind whicli the men construct the battery. 
At night the guns ore dragged across tho coQntiy. 

(208). DemirParaiUU. — From Uie second parallel the besie;;er advances again 
in zig-zags, till he arrives within 150 yards of the crest of tlie glacis, where 
his proximity renders the sorties more serious; then he is obliged to excavate 
Dijni^ParaHeU or PLuxa of Amu, or portions of parallels destined to contain 
a strong guard, to protect the workmen and quell the muflkotry of the 
place. A, A, A. (Fig. 449.) 

These places of arms, &om 100 to 150 yards in length, extend right and left 
aa &r as the prolongation of the covered way of tho ravelin, or the re-entering 
places of anus ; they are widened at their extremities to receive light mortars or 
howitzer hatterins, which throw Rtonos or shells along the covered way, to keep 
down tlie musketry fire ; the further progress of Uie attack depending greatly 
npon the result of this. 

(209). AOcr the second parallel, tho flying sap can seldom be resorted to, 
because tlie mn^kctr)' of tho defence begins to tell, and grapcshot to harass the 
approachett. It becomes necessary to advance more caretully, and therefore 
more slowly. The zig-zags are no longer made by placing several gabions at a 
time, but by di$i>osing them one by one. This Regular Sap is entrusted to 
Sappers and Miners, organized iu as many brigades as there are lines of approach. 
A brigade consists of eight men. 

It cannot be undertaken on open ground, but it is begun from a paraUel or a zig- 
zag, and proceeds in Uie following manner: — 

A saj) roller (or large gabion 6 feet long, and 4 feet wide, rendered bullet 
proof by means of another gabion 6 teet long and 23| feet wide, placed inside the 
first, with the intcr%'al filled up with stout pickets) is passed over the parapet of 
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tlic parallel by means of two Hj>ara and ropes, and au opening is made into this 
ponpct by remoTiDg two gabions. 

Sapper No. 1 places a gabion behind the end exposed to fire, and to make room 
for it pushes the sap roUsr by means of two sap /orh, or long poles. Provided 
with hooks, he then ezcavatas a trench 16 inches wide, and 18 deep, leaving a 
berm of I foot, and with tho earth fills the gabion. 

Another gabjun is jiIhooI Iwyond the first in the same manner, and a sap faggol, 
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or two sand bags, are placed opposite the parts where the ^biona are in contact 
to protect tliat weak part from musketry. The sapper continues in this manner, 
workinjf on his knees, carefully avoiding to expose his body to %nevv, until 
he has excavated 5 feet in length, and placed 3 gaUons. 
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Sapper No 2, also on his knees, works behind the first, and widens his trench 
20 Indies. Sapper No. 3 follows the second, and deepens the excavation by 
18 inches. The fourth Sapper widens the whole 10 inches to the depth 
of the third. 

The work proceeds, the earth being thrown over the gabions, and hvo or three 
rows of fascines are placed on the top of these gabions to increase the height of 
the parapet When the first sapper has filled two gabions and placed a third, 
they change places, tlie first tuking the rear, and tlio other replacing the one in 
fironL The other four sappers of the brigmle hand up materials to the working 
lialf, and every hour the half brigades relieve eacli other. 

Under ordinary circamstunccs a sap advances at the rate of 8 or 10 feet 
per hour. The sap is afterwards transformed into an ordinary trench by the 
irorldng parties. 

(210). Another inethoti, leas irksome but not (juito so rapid, ts also employed ; 
it is calle*! tlie standing sap. The sqniul consists of Uiree men. No. 1 leaves 
a berm of 18 inches, and digs a ti'onch 18 inches wide and 3 feel deep. Aflcr 
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havitig filled two gabione and loosened earth for a third, he goes to tho rcar^ 
No. 2 ividenshis trench 18 inches, and No. 3 widens No. 2's work 18 inches. 

(211). If iho approaches cannot any longer ho made by zig-zagSj (t. e.»whon 
32 yards in advance cannot be gained by lOU yanU of zig-zags), the besit^ers must 
advance tn straight line, which is done by means of a double $ap. 

It consists of two single sa\>i working side by sidc^ so as to fonn a trench 
10 fcot wide at bottom, or only 6 feet, when there is nu necessity for bringing 
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guns through it Each head of sap is covered by ite sap roller, the interval 
between the two being protected by a third sap roller placed in rear of them. 

Instead of a sap roller, a mantlet, bullet-proof, carried on small wheels, is aom^ 
timee used, and in future sieges it will be necessary to ailopt tliia method to cover 
the head of the sap. 
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This lap cannot be carried forward beyond a short distance, bocaoso it would bo 
enfiladed by the defenders, who are enabled to see into it by the command of 
the place. In order to obviate this, returns arc made by single sap at right 
angled to tho double sap, so as to leave traverses at greater or less inlorvahu 
according to the requirements of defilade. This sap, in ordinary oiroamstancos, 
[mxweds al the rate of 30 3rards in twenty-four hourv. 
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The necessity of avoiding enfilade lias catwcd the adoption of a Berpetttitie 
sap (fig. 461), but the freqnont turns occasion delays, and thereforo Uiis sap is 
not recommended. 
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(212). Another sort of sap, due to Colonel Jebb, R. E., ajid called direct 
douhU &ap (fig. 462), is now auperaeding the old methotla, Wcaiise it proceeds at a 
greater rate — 40 yards in twentj'-tour hours. The gabions of the right and left &a[) 
are placed 26 feet ai)art, the head of the whole space being covered by fom- or five 
sap njlhsrs laghe<l ttjgether. A third squad works on between, placing it* gabions 
as a third row in the centre, so as to give 1 2 feet clear on either sida At every 
interval of 12 feet or more, aocordijig to the requirements of defilade, this tliird 
squad makes a short sap alttirnately across, in oMcr to construct a traverse. Other 
iK|uads follow these to complete tlie work; and tliu central row of gabions IWng 
romovetl, the two trenchea of tlio right and left sap are unite<l, forming a winding 
trench, with loi'k trflvcrses. Besides the saving of time, this sap possesses the 
advantage of always going ahead, and of avoiding the difficuhios of turning. 

(213). When tlie vertical fire of tlie defenders renders the jiassage of the 
saps dangerous, iliey are protected by dispositions similar to thow reprcsentotL 
(Fig. 463, 464). 
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(214.) Wlten the heads of tlie saps reach Uio foot of the glacis, Ihoy break 
into single sajts on the right nnd IcH of each mpital, to connect their work 
together, and form tbe Oiird paralUl. This Ua[ipcns the ninth or tenth night. 
Tlus p:u-allcl connects tlie headx of thu attack, and gives to the besieger a secure 
position to collect materials, and prepare for further operations. As it does not 
extend on either flank much beyond the salients attacked, it Is much shorter than 
the others ; but It is wider, usually, 24 feet, in order to receive a strong covering 
party, whose osalstancc may be in constant rc<2uisition, and to hold tbe great 
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rpiautity of materials which is oonstantly wantefl In the further advance. Tlie 
parapet must therefore be higher, and this Is done by placing two rows of large 
fiftficinea over the gabions. Some loopholes, formed with sand-bags, enable the 
besieger to keep up a brisk musketry fire. 

Batteries of mortars and howitzers are ftlflo construoted when neceeaary, to 
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tho place ho must dostroy or breach the escarp of'Uie ravelin, and tlo tlic same 
(217) to the body of the place before giving the aJiflaidt His Imttories must be 
efitaUished in the parapet of the covered way, and to render their con.ttructititi 
loss doDgcrouSj trcuches are excavated to sink them. Tliis sap is called tlie 
Crotcniiif^ of tfte Covered TVaif. It is made cither by regular or by flying sap. 

(215). Wlicn tlie covered way must be carriod by open force (an operation 
only to be attempted in cascn of great necessity, on account of its danger), (he 
requisite gabions, fascines and sandltags are collected in the third parallel. Besides 
the usual guard of the trenches, and the workmen, 400 or 500 meu por Balient, 
are di.^po8cd on their rear. The batteries open a brisk fire, and when they cease, 
suddenly, at a given signal, the men, clearing the paraJIolH, rush to the covered 
vay, destroy the palisades, and engage the defenders; as, in the meanwhile, the 
place ceases firing to avoid injuring their own troops, tho sappci's dispose their 
gabions according to tlie direction of the engineers, at six yards from the crast, 
ami begin the crowning, whilst others establish the communications with the 
parallel by means of a flying sap. 

This method is only resorted to when the garrison is not numerous. 

This crowning is very dangerous : it must bo well precoucerted, to avoid con- 
fiision ; yet the great accumulation of men on the same point may prove fatal if 
the enemy can bring a gun to bear upon it 

There is no doubt that tho attack of tho covered way is, after the assaiJt, tho 
most daugerouB and difficult operation of a siege. Vauban pronounced himself 
very strongly against an attack of ct'm force : — 

**Of all the obstacles which the necessity of defcuco has invented to resist the 
attacks of the besieger, I know of none which has cost more truublo to surmount 
than the conntersoarp, when it is defended; for the first attempt, whether snccoss- 
fol or unsuoooesftil, but more es[»ecially in the latter case, which is also of more 
conuuon occurrence, is never made without great losses. [ recollect that at 
Stenay, five successive attempts, which wore attended with a loss of 500 men 
killed or wounded, were failures. There were three failures at Valenciennes, and 
yet the besi^ers were not masters of the counterscarp when the siege was 
nuted. The attack of the Marquis of Uxelles at Mommedy in 1657, resulted in 
nothing ; and in tlmt of Mar:»Iial de la Fcrlc, from ttio first lotlgmcnl, which failed 
throe times, to tJie last, which wus as otlon unsuccessful, there was an interval 
of three months. I have heard it said that there were lliroe failures at Dunkirk, 
and that ut the last siege of Arras there were even as many as six ur seven 
fniluroE, in each case attendutl with great losses. Indeed, in sieges of places which 
make but a feeble defence, tiiere oro invariably tliree times oh many men lost 
before tlic taking of the counterscarp as after ; and this always arises through a 
too groat eagerness to hasten the operations, an eagerness so great that not half the 
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necessary precantions for Bnnh a contest arc overtaken^ which, instead of advancing 
the operations one dav, very often retards them two, and that too at the exi>unse 
of the best troops, who, on swch occasions, meet with a wretclied fate." 

To this it may lie a<lded that — lu 1676, at Philipshurg, it cost the l>esiegers 
1200 men ; in 1695, at Naiuur, 3000 men ; in 1 702, at Kaisorwcrth, 2500 men ; 
in 1708, at Lille, 6000 men; in 1713, at Friburg, n.^O men. 

(216). When the attack on the twvered way must be mnde systeraatically, the 
besieger advances from the third parallel in double sap, bnt when possible he 
avails himself of the slope of the glacis by opening two saps from tlie parallel, at 
about from 30 to 40 yai-Js on each side of the capital ; and excavating in a cir- 
cular way, so as to make the .sap» meet on the capital at about from 30 to 20 
yards in front, he forms what is called the circular portions B, B, B. They are 
not exposed to enfilade like the saps. 

From Uie circular portions, tlie besieger advances by double sap to witJiiu 30 
yards of the covered way, a little beyond the range of tlie grenades of the dcfendera. 
The two brigades part Uien and advance to the right and left along the sides of 
the glacis describing the head of a T, and push on to about 20 yards beyond tho 
prolongation of tho crest of the covered way. The outer ends of those saps are 
transformed into Trench aivalUra^ or high parapets formed of 3 or 4 tiers of 
gabions. They were employed for tho first time by Vauban, at the siege of 
LnxemburgT in 1684. 
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They consist of two faces each about 1 yards long, inclined at from 100° to 120°, 
(Hg. 467, 474,) the first commands the terreplein of the covered way ; tho second, 
serves as a mask again-it enfilade and reverse fire, to look upon the places of arms 
of thu !>astion8. The relief of thejie cavaliers must bo such, tliat the shot may 
strike tho foot of tlie first traverse and plunge alon^ tho other parts of the covered 
way. Marksmen posted on their sides compel tho besieged to give up tliis out- 
work. Then two squadt* of sappci-s, issuing from the extremities of the T, 
advance in double sap to the salients, and join at six yards from them ; there they 
part again, to follow tho crest on both sides at that same distance of six yards, 
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and the crowuing prixjoeds. At the siogo of Antwerp (1832), the French did 
not construct any ca^'a]icrs, but empIoytMl instead bulturibs uf howitzers and mor- 
tal's, a plan which it i* necessary to adopt whonover the artillery of Uie garrison is 
nut almost entirely silenced. 

(217). Wo have already seen that in polygons of many sides, the ravolina 
prevent tlio besiegers from ailvancing on the bastions, and that it is necessary to 
carry two ravelins l)eforc assaulting a bastion. This ease we liave not si>lected 
because we shall have an opportunity of explaining the prf>cesfl of attack against 
a modem fortress in which the ravelins have a great saliency. We suppose that 
lite bastions and the ravelin can be assailed simultaneously, and we therefore 
represent in tho diagram the works of the besieger against the ravolin as well as 
against the bastion^ although in reality tho assault of thn ravelin may not take 
place, the enemy abandoning this outwork when the bastions are breached. 

(218). Wo are sopiiOMng tlie Trencli cavaliei's to have been completed on tho 
12th or 13lh night, and the crowuing of tho covered way of the ravelin to have 
been begnn on tho 13tli or 14th night. It is cnntinned right and leR, always 
leaving 6 yards parapet along the crest of the original glacis. Some traverses, 
constraoted whenever necessary, will protect the bcsicgera from tho enfilade and 
revenue fire of the bastions and collateral nivelius. The width of the trench is 12 
feet, except at tlie points where batteries arc to be constructed, in which points 
it is 24 feet ; it is executed by a process called half-double mp. Tho sap is 
carried on as a doable sap, except that the gabions on the reverse side are 
filled with sandbags, auJ when tho traverses are completed, those gabions ore 
removed. 

To prevent offensive returns in the salient places of aiTOS, and to render dan- 
gerous the access of tho defenders to the re-entering places of amis, a sap is 
often earned aci'oss Uie tcrreplein, to l>o traaiformod into a breastwork for a few 
loBemen, who will fire across the ditch. 

At the same time saps aro carried to tho covered way of the bastions, so that 
on the l.^th Uie rcj-ontoring places of arms are cmwncd. 

If, however, the garrison defends itself vigorously, the advance on the re-enter- 
ing places of arms might be attended with danger, in which case a fourth parallel 
is found necessary, and as it woiUd mask the mortar batteries, those arc brought 
forward. 

(219). The same day, counter-hatterie« (2, 2, 2, fig. 466) and broaehing 
batteries (I, 1, 1, fig. 466) aro constructed, and a descent into the ditch begnn. 

The coanter-b«tterics at the salient of the covered way of the ravelin are 
intended to fire across the ditch to destroy the guns tliat flank it on ihe faces of 
thu Imstions. They amy be completed in 15 hours, and when Uio defence is 
silpnced they may open a broscli on the faoos themsolvcs. The countar-ljatteries 
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at tho salients before tho bastions aro destined to silence tlie nrtiltoiy of the flanks 
whic^h iicfcnJ ilie main ditch. 

The breaching batteries are constrnctod opposite the point itself where the 
breach is to bo made. In order to protect tlie gnnners, the etnbrasnres are 
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not cat entiroly tliroogb: 3 feet of earth aro left which aro aftervrards blown away 
hy the first diBcliarge ; and it is natial U> cover the neck bj a moveable door or 
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some muskct-proof apron ; the second diagram represents a contrivance proposed 
by Allwrt Dnrer. 

(220). In order to mate a breach, Vanl>an recommended cutting a horizontal 
groove, and then firing by salvoes to bring down the masonry. Bousmard, 
(Chapter XXllI.) besides tlie horizontal groove, recommended two vertical ones, 
one at each extremitj'. The number of guua employed was at least 8, but since the 
experiments made at Metz in 1834, 1844, and at nnpcaume in 1847, it is a^lmitled 
tliat four guns are sufficient, the 32-poundor or 24-poundor being most suitable. 
Firiug ut an angle less than 50° should bo avoided, because the sliots are liable to 
ricochet 

Tho method actually recommended consists in firing at the escarp rix feet from 
the bottom of tlio ditch, or at ^ of the revetment if the ditch is wet, so as to cat a 
horizontal groove throngh the masonr}-; vertical grooves more or leas distant 
according to the nature and strength of the rovctmeuts are similarly cut, but are 
not neoeHsary with hollow revetments. The mxuoiuy is afterwards brought down 
by firing salvoea. To cut the grooves, tho charge should Ije ^ the weight of 
the shot, whilst for the salvoes destined to produce a ooncuasion. It should be 
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THE DESCENT INTO THE DITCH. 



redDRCil to i or i. The breach thus made is aAorwarda 8moothp<l down to b 
slope of 45° hy means of shellfi. Tho widtli should vary from 50 to 100 fuel, to 
iillow 25 or 50 men to monnt abreft^t When the broach is opened from a great 
distaacc, the quantity of metal is greatly inereased, and the lime required for the 
operation is prolonged. The results of the breaehiug oiwrations at Badajoz, Ciadad 
Rodrigo, and San Sebantian, give the following mean:— 

At 575 yards, a breach of 100 fnn wasoiienefl by 10 gnnsin S3 hours^malcing 
an average of 92 shots per running foot. At Antwerp, G guns opened a breach 
80 feet wide, in 34 hours, from a distance of 55 yards, ilie uumber of shots being 
16 (wr fooL The cxperuneuts of %Ictz, give a breach 74 feet wide in 8J honrs, 
by 4 guns at 34 yards, firing 4 shots \wr running fiwt Those of Bapeaumo 
give a breach of 66 feet, opened from 34 yards by 4 guns, with 24-ponnders in 
3 hours 50 minutes, firing altogether 190 shots; with l6-poundcr8 in 4 hours, 
firing 285 shots; with 12-pouaders ia 4 hours 50 minutes, firing 380 shota. It 
may therofore be assumed, that undur favourable circumstances, a breach can be 
mule in S hours witli 5 shuts per running foot. 

. (221). The descent into the ditch is a difficult o|)emt!on, which of^n delays the 
besiegers. Tho breaeliing batteries arc ready on the 15lh, and the breaches Diay 
be made on the I6th night, but it is not until the 19th that the descent can be 
conijdeted. To make tliia descent, the besieger sinks a shaft in his crowning, just 
opposite tho breach; and a gidlery Is driven (Chajiter XVL) to tlte counterscarp. 
Sometimes tJie deseent is begun from a boyau run up for the purpose. The slope 
of this gallery is regulated according to the height of the counterscarp, so as to arrive 
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3 feet below the level of tho ditch if dry, or I foot above tlie level of water if tho 
ditch is wet This slojw should not be Btee|ier than }■,, and if tho ditch is deep, llio 
shaft is sunk further off, in some zig-tag excavated for the purpose^ Tliis shaft 
is generally 10 feet square and at least 10 lect deep, in order to let 3 feet of enrtii 
remain untouched over thegalleo*. The diuicnsions of this gallery are G; feet 
high by 1\ feeL The side uf ilio shaa opposite the gallery is 8lo|>c<l inUi a ramp 
and covered with blind /ramea, (as represented in figs. 472 and 473.) over which 
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fascines and earth are laid to resist shells, Whnn tlie ditches aro shallow, It is 
impossible to Icnvo 3 feet of earth above the gallery, and consequently, the whole 
dcs<;enl must be bliudoil. It is ucues!>ary tu luuko the descent opposite the breach, 
becauttp the rubbish will gipe cover to the besiegers when crossing the ditch. It 
sometimes happens when the ditch is shallow, that a few shafis are sunk close to 
tlio countei*scarp, and charges are lodged in chambers at their bottom, the explo- 
sion blow9 in the coimierscarp, and the ruiiis joiu those of tbo breach, forming a 
ramp leading into the ditob. 

(222). When the dew^ont is completed, and when a reconnoissanee haaa8eertaine<l 
tJiat tlic breach is practicable, the revetment of the counterscsarii is cut tlirough, 
and a sap is uurried across tiio ditch to the foot of the breach. 

If the ditch is wet and the water stagnant, a cansoway is formed across by 
moans of fascines loaded with stones to make them sink, and an epaulment is raised 
on it. 

When the water is running, and when the garrison has tlie power of filling and 
emptying the ditch at pleasure, the passage of tlie ditch bocorooa an operation of 
the utmost diffimilty. In this case, if a dam cannot be made witli fascines and 
sandbags to support the weight of water until it is allowed to run out through 
other channels, a bridge of some aoi-t nia<tt be made. The imiall pontoon-bridge 
of Colonel Blanchard is reoummonded (167). The cask bridge of General Pasley 
has been proposed: casks, witli their ends removed, are fixed together in sets of 
four. Bach set is laiuiched in the direction of the cuiTCiit, and is made to sink 
by means of sandbags : several sets are sunk until the upper ouea ap^H-ai- on 
the surface, forming a flooring for the fasitines. 

Another method, employed at Philipsbnrg, in 1734, consists in the construction 
of a floating bridge of fascines : these are laid alternately crossing cich other at 
right angles, with hurdles between, and fixed togotlier with pickets. Sandbags 
sink the bridge to the level of water to prevent the dofendcru fi*ora setting fire tu 
it* The opauhnont is constructed considerably witJiin the edge, and fresh ra\v 
hides cover the whole. If the current is strong, tho bridge is kopt in it4 place by 
anchors cost up the stream, and by props driven below. 



THE ASSAULT. 



Under ordinary circumstances, tlie operations of tho siege are completed on the 
19tii night, and the assault is given at daybreak. 
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(223). This euMult on tlie bastion is the most important operation of the siegej 
it Is^^fgr it that all others have been made, and. so many lives have been sacrificed. 
WhiMi all is ready for its execution, the general oninistcd with its command 
ascertains tlmt all the comtnunications of trenches, descents, ^leries, &c., are in 
good condition. The breaches are roponnoitred> and dispositions are carfftilly 
taken lo avoid confrision ; the etren^h of the column of assault, of the reserves, 
and of tho working parly, is dctertuincil. A little before the apjHiintod time, the 
enBIade batteries and those of the covered way, keep np a vigorous cnnnonndo, 
and once the signal given, the columns, eif^ht or ten files in front, lasac from the 
trendies, run across the ditch, and itssault with fi:ced bayonets tlio ilofenders of 
tho brcftchos. It is ndvisnhlc to (wstixinc this decisivo inovemenL till duybreak. 
After a success, crcnt care is still necessary ; pursuit must not bo thought of, lest 
some ambuscade should have been prepared, and great circumtipection must bo 
shown in taking {ro^<(ession of tho ramparts and of tho town. During the assault, 
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the army is under arma, ready to prevent the garrison from making its escape^ or 
to repel any attempt to relieve the place. 

It should be borne in mind that the success of an assault greatly depends on 
the good order preserved among the troops, and that it is a fatal mistake to 
entrust the duty of an assault to detachments. The troops should be employed as 
organized with their own officers and non-commissioned officers. 

When the assault is given to an outwork, or to a bastion containing interior 
retrenchments, it is necessary for the besieger to construct rapidly an intrench- 
ment, generally a trench, on the captured breach, in order to maintain the 
position against recapture. This lodgment, as it is termed, can be made in two 
ways : either by a working party, which places the gabions on the breach whilst 
the storming party is fighting, or by a regular sap advancing from the ditch up 
the breach : in this method, which is recommended by Yanban, the breaching 
batteries are ready to open fire on the breach, should the garrison return to dis- 
lodge the sappers. 



CHAPTER XIV. 



DEFENCE OF A FORTRESS. 



(224). When a garrison receiver information of Oie intention of ihe enemy to 
lay stcge to the pLice, it at once proceeds to prepare the nicins of resistance 
The liitches in frunt of the place are filled, and the houses, walls, he«lges, tjws, *£c, 
and all the agricultiu*al bulldhig», levelled. Sometimes »uburhs are intrenched, 
when they arc likely to check the advance of tlie enemy. 

The banquettes and interior plojies, ramps, Ac., are repaired, platforms and 
truTersos for gmis are constructed, palisades are placed all along the bnuquotte of 
the covered way, and the [lassages of traverses and sallyports shut with barriers: 
if possible, a second row of jKilisades h planted in the terreplein of the covered 
way. 

At the same time, advanced posts are pushed forward on every road as far as 
prudence will permit, and their picqnets and vedettes will prevent a surprise: they 
will Iw suJKciently ptrtMig to obstruct the investment and secure the arrival of 
convoys and reinfoi'cement«; their retreat should bo seeurwl ; and signals should 
bo provided, so as to receive intelligence from the neighbouring country. All 
provisions and materials likely to be of use for the defence should be broaght in 
or destroji'ed. 

When the advance port« are driven in, guns should be in i-eadinoss to fire from the 
salients of the fovered way, and email detachments should be conc*?aled in broken 
ground or ruinod buildings, keeping theniselves within the covered way at night, 
and during thu day advancing a few hundred yards, tliey shonid endeavour to 
surprise the reconnoitring parties. The officers of artillery at the same time 
ascertain the range of the guns as compared with the distances of the surrounding 
objects, if it has not been dune before. 

At the same time tooU and implements rire collected, at the rate, for 1(KK) men, 
of 100 axes, 200 hatchets, 150 whoel-barruws, 10,000 sandbags, 200 chovaux-do- 
friso, Ac.; wood is stored for stockndes, galleries, mines, &a At least 500 
gahinns, 2000 fuscinfs, 600 hurdles, kc., are propan<d for revetments. 
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(225). When the investrnent ie computed^ the defendera endeovonr to ascerfeun 
on which fruut tho attack is iuionded to bo made, in order to delay the opening 
of tlie trendies: should they discover the time and placo of the opening, as soon 
118 tlie bc»egQr begins, all tlic borltette batteries, and as many gunsj howitzers, 
and mortars as can bo brought to bear shonld keep up a vigorous fire; but when 
the parallel is completed, the liriug should cease, as it would be a wai^tc of 
,'iinmiinition. 

Sorties of light troops are now made to impede the workm^, but at this 
period of the siege there is need of great caution: sorties should bo made 
at several points against the works, and if thcj can reach the parallel, the 
working parties that accompany them will soon destroy one night's progress. As 
a general rule, sorties should only Iw made hi fbrcu fL>r tlie purpose of destroying 
a battery or a work which causes much harm to the defeilce. 

The nex.t care of the dofence is to prepai-e the batteries of the front of attack, 
and erect traverses 18 feet thick between every two guns. 

T)ie positions destinoil for the entilndo and ricochet batteries of the besieger 
ore easily known, and as many heavj' guns, and more especially heavy mortars 
as can be spared, should be kejit ready to concentrate their fire on each battery 
in succession, it being a fact well known at present that no battery can resist a 
well-directed fire from shells. 

Embrasures are also cut through the parapets of collateral fronts having any 
view on the attack, and the guns are mounted only whem wanted, so as to avoid 
unnecessary expoanra 

(226). After the besiet/er'a batteries are erected and armed, the defence will 
reserve its fire for a later period, and chiefly check tlieir progress by musketry. 

It is also during the aarao iwriod that jUches and counter approaches are made 
ontside, and rttrenchmenta and blindages constructed inside the place. 

Floches are small redans of faces, fi-om 2u to 40 yards in length, Rijjidly thrown 
up in tlie capital, at tlie foot of the glacis; their torreplein is generally sunken, 
and they derive support from the works in rear or from other fleehes. 

Lines of counter approachf a sort of trench or sap, are excavated in front of the 
glacis, to bo connected with batteries hastily thrown up on iwaitiuns where the 
xig-z.ig8 can bo enfiladed ; thoy geuerally debonch from tlie covere<I way of the 
ravelin, collatf^ral to thuse attacked- 

The establishment of the Russian rifle-pits, and the erection of th^ works on 
the Mamelon, in Fobiiiary, 1655, are instances of what a determined garrison can 
do to impede Uie progress of the besiegera. 

The rolrenchments in bastions are generally a permanent construction (chap. XX.) 
but when none exist on tho front attacked, the garrison should organize such 
works as time will permit, either a trench acress the gorge uf ravelins and bastions, 
or a gabiounade, a stockade, or a palisade. 



BLINDAGEe 

As for the blindages, thev require mpecial care; they are bomb-proof shelters 
for the troo|)s> puns, magazines, cisterns, hospitals, &c. 

When tlie burracks, uiagaziueB> &c., have not bnen built shell-proof, tho beet 
tiling to do is to demolish tlio upper stories, and cover tlie first floor with two 
courses of jcnsts close together, and crossinj? each other, and to put over it 4 or 5 
feet of eartlL Under tho boaws of this floor, gii-ders, soiue 12 iudies square, are 
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placed 10 foot apart, and are supported by vertical posts as well as hy the walls 
into which they are inserted. Tho windows and door-ways are protected by 
inclined beams ; and whenever there is a doubt as to the strength of the walls, 
they aix* bUuded by inclined beams covered with earth, or &up[>urted Inside 
by props. 

Should there be no building fit to bo blindcl, the defenders construct a leaning; 
blindage behind some strong wall or behind some coimtcriicarii, tlie tirabent of 
which being square, arc inclined at 60". They rest on a sloopor, arc fastened by 
joista, and are covered with earth. 

Flo. 47e. 



Or a double blindage is constructed, cither iu the form of an inversed V, or by 
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some constraction under a traverse, or even by covering the space between two 
tmventcs witli bcnms aiid earth. 

The pins near the salients of the ravelin and the basdon are generally blinded, 
and the besieger will have groat trouble to silence them. Such blindages arc 
constructed with strong posts, 1 foot square and 7 feet high, placed vertically ou 
Iwth sides of the platforms, and supporting a roof of beams covered with fascines, 
and 4 or 5 feet of earth. The aides exposed to enfilade are protected by thick 
mouuds of earth. 
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(227). Afier the completion of the second paraUeU the chief effort of the defence 
must be to dii'cct tfuch a fire of musketry- on the approach as will prevent the 
besiegers from using the flying sap: loopholes with sandbags are constructed on 
the partt[>ets for riflemen ; and if a field gun can Im.* brought to bear on the head 
of the sapa, the latter will be muoh retarded. 

The guns ricochet along the capitals with shot and shellii. 

Some raortars placed at tlio aalientfi of the covered way will fire stones, and as 
many mortars as possible will fire shells and grenades into tlie trenches. The 
soKies become more and mora active; they ant directed against the head of the 
sap, and endeavour to interrupt the consiructiun of the third paralleh 

When tiUs ia Jinia/ied, the garrison must expect an attack un the covered way, 
and prepare for it ; it is recommended not to await the besiegers in the salient 
places of arms, but to retire to the re-entering places, af^er having given tlteni a 
volley, thereby uinuasking tlie covered way to the fire of the works in rear. 
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Sartie» mrs prepared in iheae re-«otaciiig jibtCKS in case tlie — ««;U«hi should 
wmver. 

If the corered wsy it sUacked by the regular praooBs, the adranoe is <»K<w*lc ^ 
br tJie Tertacal and mosketiy fire, b^ Uindcd batteries exerted ia ooUaftenl satMais, 
ami er«n by guns not wen by the attack, and firing at rioocbct in th« diradkn of 
the prolongatioos i>f tfae trenches. Riflemen continue tiieir fire. 

(22S> After the crowning of the covered troy, the defence will lose no oppoxw 
tnniiy of impeding the construction of the conntcr and breaching batteries; shells 
are fired into their parapets, and nmrkanion pick off the gunners. The batteries 
or the flanks are blinded, and a vigoroas vertical fire is kept up on tbe entranco 
of the descont into the ditch. The collateral tiauks contribute their fire. Sorties 
are made into the ditch to resist its passage, and all tlie fire of muaketrr and 
artillcr)' tliat con be had is directed against thi« part Sfaoold the ditch be pro- 
vided with sloices for filling or emptying at pleasnre, the advance of the beni^rers 
may be cheeked for a time: the garrison first defends the ditch when dry, and 
when the enemy reaches the foot of the breach, water is let in, and left there 
until the besieger has again crossed, wlien the ditch is suddenly laid dry. If tbe 
ditch is permanently wet, the defence will throw combustible matter, shells, &c. 
on tlie dams of fiiscines. 

(229). 7%e Irtach at la$t i$ practieai/Ut and the flanks are silenced, and the 
only resottrce left to the garrison is vigorously lo defend tlie bi-eaches ; there all 
its energy ia (.ailed into play; fires are lighted on their sIopes> and kept burning 
by a oontinoal supply of fascines, &c. At uight, quantities of crows* feet and 
broken gla^ ore spread ; chevaax-de-fri»o, abattis, &c., are placed, and barrels of 
powder and shells are July prepared to be lighted and rolled on the columns of 
assault when they reach the foot of the breach : fougasses are also prepared, and 
any means that tlio garrison can dispiwe of. There are instances of breachos 
being defended by fixing on them planks rendered slippery with soap, and of 
awMmlting colrnnos being repulsed by the fall of several beo-hivea amidst tlieir 
ranks. 

If these means prove insufficient, and if no gun has been saved on Uie flanks, 
the last nisource confflsts in selecting tlie most resolute men to charge the 
aMailantt. These tjt>o|w are, if |ioseibl«, coven-d with cuirasses. The first rank, 
armed with long pikes, kneels, whilst the rear rank pours a volley on the enemy ; 
granuduH, Ac, being thrown upon botJi sides of the breach by s|>ocial detachoicnts. 
Then they charge with fixed bayonets, and the reserve comes to their support. 
If driven back and pursued actively, field artillery, kept in readiness, may still 
check the advance of the besieger. 

The dalonoe of the breaches is one of the most lm{>ortant — not to say the chief 
rewaroe, of a Inslcged fortress ; and a garriHon sliould never give way to ili»- 
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couragemcnt because the ramparts have boon battcrod down; it will still fight at 
a great advantage, ami thei'o are many instances to be found in military history of 
a snccessfui resistance. 

The defence of Rhodes in 1521, besieged by Solyman, shows what a small but 
determined garrison can do ugaiast a much auperiur foe. 

Wiien the Constable of Bourbon had mined the ramparts of Marseilles in lfiA4, 
the breaches were .so skilfully and gallantly defended, that the Imperialists were 
compelled to raise the siege. 

At Macsti'icht, in 1676, a French garrison of 6000 men fought so vigorously 
for tlie defence of tiae breaches, that the Prince of Orange was obliged to ^ve up 
any further attompt, and to retJrc with a loss nf 12,000 men. 

The breaches of Turin (1706) were defended by large fires — and saccess- 
ftilly, too. 

St. Jean d'Acro was besieged in 1799 by Napoleon, and altliough the ramparts 
bud been overthrown, all lusaultji proved imsuccessful, and the French bad to 
retire, leaving their gims behind them. 

In many other instances the Turks have given us a good example to follow, 
especially In the Russian campaign of 1628. 

At Badajoz, in 1813, the English were rppulsctl at every assault. In 1812, the 
same place again rcsistcd, and if General Picton had not ^urjirised tlie Castle of 
San Cristoral, the vigorous defence of the breaches would again have saved tlie 
place. 

Even when the be&iegera have gained a footing in a fortrefla, all hope of further 
resistance is not lost. 

Prince Eugene, at Cremona, was obliged to retreat; so were the English at 
Berg-o(>-Zoo]n. At Saragossa, in 1809, the French had to bosiege almost every 
house. 

The governor of a place cannot capitulate before having fesisted at least one 
assault on the bastion. His honour is at stake. Want of anus and ammunition, 
or almost complete destruction of tlie garrison, are the only reawms that should 
induce him to surrender. The task and roRponsibiHty arc immense, and none but 
men of great skill and energy' arc fit for that post. To prolong the resistance at 
all ritiks must bu his motto. When all fails, then he must endeavour to obtain 
good terms, and if they are refused, his forlorn hope is to attempt an evacuation, 
and to force his way through the JnvestmRnt 

(230). Ever since the middle of the last century, it has been considered 
advisable that the governor of a besieged foi-tress should keep a "journal of siege," 
This jounial contains the names and grades uf all the utficcrs who command the 
besieging army In addition to tliose of the garrison, those of tho regiments or their 
distinctive nnmbers, Si/t*- It is divided into two cnlumnn : one for the attack, tlie 
other for the defence. 
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All tlie operations and events are recorded day by day : the number of working 
parties, the time of execution, nature and purpose of the works ; the nnmbers of 
wounded and killed, the names of the men who distinguish themselves, &c. 

Those journals are excellent guides for the study of the soience: by means of 
them we can ascertain the time necessaiy for the execution of the parallols, 
batteries, mines, Ac, and form bases from which to calculate the probable duration 
of the siege of a fortress, the quantity of ammunition that will probably be 
required, &c. 
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CHAPTER XV. 



FORCES EUTPIiOYED IN A SIEGE. 



(231), TUq armament of forirt'sses depends much on the sizx) of the works and 
on tlio lc)cality in wluch they stand, and no fixed rule lias been adopted to compute 
the omnnnt of ordnance necessary for t]]G defence. Vanban wanted 10 gnns per 
bastion, and 5 mortars or pierriors, making 90 pieces for a hexagon. Cormon- 
taingno fixed a minimum of 36 and a maximum of 46 for the same polygon. In 
France tbey now divide their fortressoa into throe cJaAses, and allot 110 piocos for 
tin; 1st class (10 fronts or more); 70 for the 2nd class (7 to 10 fronts); 30 for 
the 3rd class (4 to G sides). This armament is independent of 10 pieces per 
bastion, which are intended to provide for the immediate security of the place. At 
this ratf, a hexagon would require 90 pieces. Of this ordnance 54 per cent, are 
gnns, 26 per cent howitzers, and 20 per cent, mortars. In tliis country, tJie best 
authorities calculate the armament at the rate of 8 pieces for the immediate 
aeeority, and 150 pieces fur a place of 10 fronts or upwards, 100 for a place 
of 6 to 10 front**, and 50 pieces for a place of 4 or 5 sides. The hexagon 
would thus require 148 pieces. 

Some autliors fix the proportion of the several natures of ordnance at 50 per 
cent, of heavy gnns; 10 jwr cent howitzers; 30 |)er cent mortars, 10 per cent 
field gmis ; but it is generally admitt«'d that a greater percentige of howitzers is 
noooftsary, because shells do more against earthworks than solid shots. 

The best ordnance for the defence of a fortress are for solid shot : the two kinds 
of 68-pounders, the 32-ponndcrs of 68, 56, and 60 cwt respectively, and the 24- 
|M)uiiders of 50 cwt; for shells, the 10-inch shell gun, Uie four kinds of 8-inch 
j;«ns, thn 10-inch homtzer, the 8-inch howitzer, and the 32-pounder of 25 cwt. 
Of mortars the best are the 13, 10, and 8-inch. The small brass moi-tars of 5{ 
and 4^inch, are reeonimendeil for firing on the working parties of the besieger. 

There are goncarally in fortresses wooden standing garrison carriages, but any 
ejirriage will answer the purpose, and about one-third as many more should be 
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kept in rtore to repboe those Utmt luj be desCrored. The pUdbrms, wood or 
fltooe, are ninallj on the grnand, ncrpt at the sM^eatB, where low tT«vcr«ng 
pkdbmu are neoeaury. For the transport of this ordnaaoey ^ing carts or aUmr 
wagons for the gims, and treoch carts for the mortars are provided. Ojns and 
theen arvalso neceaaary. 

(232). With r^ard to the amMnunitioHj the quantity reiquired depends oo tbe 
donUioa of the nege; It is therefore very Tariahle. Uoirorer, it is w«»^l ^ 
reckon 700 roaixb for each gun, and 500 for each mortar of a Ist <•!»« fortreoa ' 
600 and 400 for those of a 2nd class ; and 500 aod 300 for thoee of a 3rd rlmw. 
In addition to tliese there Bbould he a certain quantity of shrapnel shells for the 
guHA, and of light halls and pound shot for the mortars. 

(233). To compntc the Hrtnijth of the garritoni it ts nsnal to di^'ide the troops 
into thirdif ono third on the front of attack, one third at bivonac and rmdr at a 
moment's notice, and one third at rest, although towards the latter period of tiw 
siege the whole ganisou is constantly- required on the ramparts. 

A place can alwaj's be defen<!ed, whatever bo its garrison, yet as a force too 
nomeroas would prove a great inwnveniencc in a fortress, it is advisable to find 
a minimmn: troops which can be more nsefully employed in the field will not 
thus be wasted. The calculation for a hexagon will give an idea of the principle. 

When the enemy arrives before the place, the garrison has no other duty than 
that of patting the place into a state of defence, and sending out t)atrols and recva- 
noitring parties; nor will its scrnce become beavy until the besieger has U^nn 
ia|}piug. Now it has been ahowu by experience that if 60 shots are fired per 
minute on the head of an attack, the besieger must have recourse to sapjiing: for 
the 3 salients we require in the covered way 180 men, but as they cannot fire 
constantly, we reckon three times tliat number, or 540. The ravelin of 
attack requires 150 men. 

For the repairs of parapets, &c., wo must allow 100 men, and as many more 
for the fatigue party hel[iing the gunners. For Lbe fronts not expoaod to attack, 
sentries are neoossary, and KX) men to contribute to the various posts arc not too 
many. 

Adding 100 men for the collateral fronts, this will make altogether 1090 in- 
fantry, and for the three reheft 3270. Giving 300 for artillery, 120 for engineers 
and staff, and 80 for cavalry, the garrison will amount to 3770 men, a UttJe more 
than 000 men jwr bastion. As a rule, tliercfore, we can fix tlio garriaon of a 
square, pentagon or hexagon, at 4000 men. 

Vauban rci|uire4l 600 infantn,- per ba-ttlon, plus 60 cavalry, and 100 for staff, 
artiUury, and engineers, altogether 4560 for a hexagon. Cormontaingiie demanded 
very neariy tlie same number, 4100, 

For the security of a place 440 men per bastion (of which 350 infantry, 10 
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cavalry, 60 nrtiller}', and 20 engineers) aro sufficient. For polygom of inoro tliaii 
6 sides, the garrison for the defence is rockoood at 440 per bastion, and double 
that number for the fronts sus^'optiblo of attack. 

GrcAt Buppoit from t!ie iiikibitants cannot be expecteil ; only ono-«ixth of thorn 
are fit for service, and one-eighteenth only can be employed at a time. The maxi- 
mum of a garrison is determined by the capsicity of tiio barracks, casemates, &e., 
and by tbe amoimt of provisions. A representing tho number of rations, and B 

the strength of tbe garrison,— must l>e greater than the usual length of a siege. 

(234), The stores for die garrison, including amumnition for musketry, tools, 
prox-ialons, &c, are placed in magazines for which bombproof sholier should be 
prepared- It is eustoroary to pro^-ide surplus amis at tlm rato of one for every 
4 men; wall pieces 10 per bastion, mnsket-bnll ammunition 500 per man ; hand 
grenades 10 ditto ; gun[)owder in bant;ls 24lbs. per man, lead lOlbs. ditto ; cart- 
ridge paper 1 J quires. Besides (ho engineer and artillery stores, felling axes, 
bill books, pickaxes, shovels, and hand saws are provided, at tho rate of one of eauh 
for IG men. 

Although tlie governor of a foiiress threatened witli a siege warns the inhabi- 
tants to stora up provisions, most of them are unable to maintain themselves, and 
the government has to distiibuto rations to them as well as to tho garrison. The 
Auie Menwire for military sciences gives the quantity and ilie bulk of the pro- 
visions neoeesaty for a siege of 56 days per 100 men. 



CutjLc fuel 








>iUc(h(. 


Floor or meal 22aOlbB. 7H 


Cocoa . 




7001bs. 


41 


Biflcnit . fieooibs. ans 


Roft angar 




525lbs. 


14 


flKltedbeef . 5600lbs. 216 


Bpiritfi 




1400 pint* 


&6 


or pork . &600lbs. 202 


or wine 




5600 pints 


224 


Bice . . 22D0tb8. 70 


Vincigar 




200 piota 


8 


or pets . 1400 pints 54 










Tlie fuel for cooking, Wood 


1200 Cubic feet. 




or coals, 7 tons 


350 






or turf . . . . 


3000 






OU, 40 Gallons 


4 






Candles, 40lb8. 


3 






Forage for 20 horses, Hajr, 7 toas 


4000 






Barley, 72001b8. 


160 






or Oats, 7200lb6, 


250 






1 Straw as bay 


7 tons 


4000 







(235). The force of a beneffing army dejiends upon tlie strength of thu 
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THE FORCE OF A BESIF.GIXG ARMY. 



^ann'sorij the morale of both armies^ and tlie seasou of the year — elements which 
canuut furru the basiii of exact calculations. 

In some instances two armies are neccs8ai*j- ; ono of ohtcrvation to covea* tlio 
aic^Oi and pi'event aity attempt ou thu part uf the enemy to relig^'o; the other to 
bcsiego. To this latter army alone we shall lUrcct our attention. 

It must proviJo men fur the excavation and guaid of the ti-enches, the oo«stx-uc- 
tion of liatteriett, ami the investment uf the whole (urcumfen^eo of ttic pUoc ; for 
tho police of the camp, the outposts, patrols, extra dutieii, &c. ; alao a proper 
number of sappci's and miners, jrumiers, &c. 

Supposing the attack to be diix'cted agaiust a front of a hexagon, t!te firet 
parallel and its communication on the roar uccu^t^ing a develupuioiit uf neai'Iy 
GOOO yards would require 3UUU men, but dnrln^ tho firat niglit not more thnn 
4800 yards are excavated, and 2400 mou aj-o sufficient, and this number will 
remain the ^amc till the oponicg of tlic second parallel; as hs development is less, 
fewer men will bo wantod. Towai-ds tho latter pai-t of the ait^ the nmabci' will 
still decrease, so tliat in general we may compute the working party at 20(M) men. 
In order that the siege may be conducted with cnerg)' let us allow four rclicfisj 
and we must then have 80O0 men. The posts for tho iuveatmcnt aro at 3000 
yards from the salienti of the place, and as these are already at 500 yanls from 
the centre, tliere is for tlio hexagon a perimeter of 21,000 yards; subtracting 
BOOO yards for the first parallel, the investment must occupy 15,000 yards, which 
at the rate of 200 men per thoussnd yards, give 3000 men. 

The gnard of tho trenches amounting to ^ of the garrison, mokes 3000 men for 
a garrison of 4000 men, and at throe reliefs it implies 9000 men in all. 

Adding to lliose 2000 nu.'n for fom* reliefs of fatigue parties, allowing 3000 for 
ariillory, 300 Migineers, 600 rivalry, the total fonw will amount to 25,U00 men 
or more than six times the garrison. 

When the garrison is stronger, the guard of the trenches is the only item in the 
above calcululiou that will re<|uirc to \>o increased, anil the whole of the besieger's 
force need not Imj increased in proportion to that of tho garrison. It is admitted 
now that for a garrison of 15,000 men, the t)e5ieging army should Ijc five times 
larger, six tiroes for 10,000, seven times for 5000, and eight times for 3000. 

Although it is a dilHeult matter to fix any limit to the force of a liosieging 
army when it has to prepare against the diversions of an enemy, yet it may be 
said that attempts with a force less tlian 60,000 men are not likely to prove 
suoceasful. 

In 1793, tlio King of Prussia revpiinxl 100,000 to Itesiege Mayence. Tho 
samo year, the English and Austrtans IwuJ 120,000 men before Valenciennes; 
aiwl the Prinoo of Cohurg besieged Le Qncsnoy with 60,000 ; but tlie Duke of 
York could not invest Dmikirk and D«rguc8 with £0,000. 
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It is tme that in 1796 Bonaparte invested Mantna with 20,000 men, baU'of 
which were emiiloyod in the siege; and ihat at Sainigo^sa, in 1809, the French 
had but 35,000 men ; but again, at SUialria, iu 1854, the Russians had 70,000 
men. 

(236). Tlie state, armanient and force of tho gnrrison of a fortress, and IIks 
fat'flities of transport offered by the conntry in whioli tlie siege is carried, will 
exorcise a great infbtcnce on the selection of the kind of ordnance tind of tho 
force of tlio battering train. Dift'ernnt numbers have at various tiniC9 been fixed. 
Thus — Vaubjui required 160 pieces, of which 70 percent were guns, 15 per cent 
hovfitzen, 15 per cent pierricrs; Bousmard required 168 pieces, of which 50 per 
cent were gune, 18 per cent howitzers, 22 per cent mortars, 10 per cent pior- 
riers; Gas.sendi required 160 pieces, of which 62 \i{ir cent wore guns, 15 per 
cent howitzers, 15 per cent mortars, 8 per cent piorriera. 

A commitieo of artillery in 1819, recommended for the siege of a first-class 
fortress 140 pieces, i. e. 60 guns, 15 howitzers, 25 mortars, and 40 small brass 
mortars. 

Sir John Jones demanded 106 pieces : 40 guns, 20 howitaora, and 46 mortars. 

The regular battering train of Austria includes 178 pieces, of whiiih 45 per 
cent are guns, 13 jx-r cent howitzers, 35 i)er cent mortars, 7 per cent pierriers. 
Tliat of Prussia 142 pieces, 60 per cent guns, 15 per cent howitzer*, 20 per 
cent mortars, and 5 per cent pierriers. In France, previous to 165G, tho 
number of pieces was 162; it is now 175, thus divided: 80 guns, 40 howitzers, 
and 55 mortars. 

In England, the maximum equipment is generally admitte<l to b© 160 pieces, of 
which 60 are guns, 40 howitzers, 20 mortars, and 40 small brass mortars. For 
a fortress of 2nd, 3rd, or 4th class, this number is redut-ed. Some officers, 
instead of dividing tliis maximum, prefer to adopt a minimom of 40 pieces, and to 
double, triple, or quadmjdo i^ Tho proportii>n nH-oinmen<!c<l is: guns J, how- 
itzers, or shell gims ^, mortars J, besides an equal nnniber of small brass gims. 
General Burgoyne considci-s 25 pieces tlio minituum battering train lor tho reduc- 
tion of fortd, and it may be arlded that no seriou^i attempt should l>e made against 
a front with less than 60 iiiooes- 

Until the wloption of rifled guns alters tho actual composition of the equipment, 
the best ordnance is the 32-jH)under of 50 cwt. whirh has suj>crsedcd the 24-poundor 
since tho Crimean war, tho 8 inch shell gim which also proved better than the 
10 inch, and 8 inch Imwitzers hitherto cmployeil, and the 10 inch and 8 inch iron 
mortars. 

It is understood that each gun has it*< carriage, each mortar its bed, and 
that T^rt extra mountings are allowed for losses: sling and platform-waggons ior 
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BATTEFING TRAIN. 

transport of onlnance, Flandcre waj!:gons, trench a«d hand cart« for the con- 
yeyanoe of ammoniUon and Btoro; triangle gyns, &c., are also included in the 
equipment 

As far the nnmber of men necessary for that artillery', it is usual to compute 
it at 2700, and at 2975 including extra hands for laboratory, casaaliict^, &c. 

Darinp the reign of I^ouis XIV., tlio hiittcring trains were more numerous tlian 
in the wars at the begimung uf this centurj". At tlie siege of Kamur (1G92) the 
besiegers had 260 guns; at Charleroy (1693)» 210; at Turin (1706), 251; at 
Menin(l706), 116; at Lillo(1708),20O: at Douai (1710), 368. 

The following tabic of some remarkable sieges compiled from the French AMe^ 
Momoire, will give an idea of the amount of artillery employod in modem times. 





Defence. 


Attack. 




Befenoo. 


Attack 


1793 Valenciennes 


... 175 


167 


1810 Tortoaa 


... 177 


50 


1794 Neu«B 


... 200 


40 


1811 Torrftgona ... 


... 290 


66 


1806 GaeU 


... 171 


109 


1811 Badajoz 


... 170 


54 


1807 Breslau 


... 800 


38 


1812 Ciudud Rodrigo 


... 119 


68 


IS07 Schweidaita 


... 250 


43 


1812 Badajoz 


... 140 


78 


1808 Boeaa 


... 68 


58 


1813 8nn Sebastian 


... 63 


83 


1808 Oirona 


... 168 


71 


1828 Varna 


... lOO 


45 


1810 I>erida 


... 110 


40 


1829 gilistria 


... 238 


88 


1810 CiodadBodrij^ 


... 86 


&0 


1832 Antwerp ... 


... 1-15 


148 


1810 Almeida ... 


... 98 


67 









(337). With regard to the amount of ammunition, llie number of rounds per 
piece should not exceed that which is calculatecl to render it unserviceable : 1500 
rounds per gun, exclusive of case, shrapnel and carcasse, is tlio utmost that may 
be reckoned. The following proportion for a battering train of a hundred pieces, 
is given as a fair allowanoe. 

For a .32-pounder, 1000 round shots, 100 common shells, 50 alirapnels, 50 grape 
or canister. 

For an 8 inch gun, 200 hollow shots, 600 common shells, 50 shrapnels, and 50 
grajx; or canister. 

For a 10 inch mortar, COO common shells, 50 pound shot, 10 carcasses; small 
brass murttirsj 300 conunon shells. 

The quantity of ammunition provided for a siege, and tlio amount actually 
consumed, vary widely, the place itself often pmviding the besieger wilh shot, as at 
Tarragona, where '. of the profectiles came from the defenders. In the annexed 
(able, wo give the numl*er of rounds calculated at the rate fixed above, and 
compare it with that of the rounds actually fired. 
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Gaeta (1806) . 
Giiona (1808) . 
Lends (1810) . 
Oiudad Bodrigo (1810) 
Almeida (1810) 
Tarragona (1811) 
Badajoz (1812) . 
San Sebastian (1813) 
Antwerp (1832) 



100 pieces (84,500), fired 68,700 in 11 days. 

71 

40 

50 

67 

66 

78 

88 
148 



(45,995) 


, 99,900 in 


104 „ 


(33,800) 


, 9000 in 


15 „ 


(42,250) 


, 17,961 in 


16 „ 


(56,615) 


, 10,000 in 


12 „ 


(55,770) 


, 42,000 in 


28 „ 


(65,910) 


, 35,346 in 


11 » 


(74,360) 


, 70,831 in 


36 „ 


(125,060) 


, 64,392 in 


19 „ 
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CHAPTER XVI. 
MILITARY MINING. 

SECTION I. -Mines. 

(238). A military mine is a subterranean excaTation in which a charge of 
powder is deposited, for tlie ])urj)08e of blowing up the enemy's troops or works, 
or of destroying abandoned works to prevent the enemy making use of them. 

Offensive mines, or simply mineB, are those executed by the besieger, and counter- 
mines those by the besieged. 

Before the invention of gunpowder, mines wore excavations or galleries onder 
the walls of a fortress ; tlio foundations were supjwrted by props, and when 
completed, the excavation was filled with dry wood, and the timber set fire to. 
The props being burnt, the walls gave way and opened a breach. The defenders 
also excavated counter-mines to overthrow the machines of tlie besieger, and to 
prevent him from oxecutuig his mines. 

Powder was first employed for this purpose in 1503, by Peter Navarro, at 
the siege of the Castcl del Uovo, at Naples. 

The excavations, when vertical, are called shafts ; when horizontal, galleries 
or branches, according to their size, 

(239). Shafts arc generally rc<!tangular, 3 feet by 4; but sometimes ellipticaL 

Branches are from 2\ to 3 feet wide, and from 3,1- to 4 feet high. 

Small galleries are 3 feet wide and 4 i^ high ; great galleries 6 feet 6 inches wide, 
and 7 feet 6 inches high. 

(240). The Irest soils for mining are those consisting of chalk, and also those of 
fine sand when cemented by clay or earthy matter. Clayey soils are the worst 

Wlien excavating in favourable soil, or in ordinary soil, at a small depth, the 
shaft requires no wood support, and is liest made elliptical; tlie galleries can be 
excavated either in rectangular form, or in that of an arch if tliey are intended to 
stanil for any considerable time. 
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To prevent minee excavated in bad soils from falling in, the earth Bhonld be 
supported either by wooden frames at by cases, which are readily made from the 
floor of any house. 

(241). Frames are composed of four pieces, two long and two short; the long 
ones are of the same section throughout, but the short ones are notched at each 
end, so as to form shoulders for the long pieces, and to prevent them from parting ; 
tenons and mortises are cut near the ends of the pieces. They are made of 
scantling 3 by 4^ inches. 

Fio. 481. 



:s\ 



Frames for galleries and branches are composed of two upright pieces called 
Btanchions, and one top jnece, called capsiU ; the stanchions are usually let into 
the ground a few inches, and the capsill is placed over them, its mortises receiving 
the tenons of the stanchions. The stanchions are 4 inches square for branches, 5 
inches for common galleries, and &om 6 to 7 inches for great galleries, the capsill 
having the same width, but a depth greater by ^ or \. 

Fio. 482. 
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SUAFI'-SINKING. 



Besides these ^wnes, it is necessary to have one for the top ; the dimeDsions in 
the dear are the same, but tlic ends of ttie long pieces projoct one foot each way. 



Fio. 4M. 



They are fixed by tenoos and mortises, as represented in the diagnun; 
tlie same material may bo usikI as with the coniTnon frames, but tlio |K)sition is 
reversed, Waiist* in the top frame the depth should be greater tlian the width. 

Together with tlieso frames, liheetings or planks ait: employed 1 or 1| inch 
thick for the shads or the sides of the galleries, and 2 or 2-| inches for the top of 
llie giJleries. 

(242). To sinl: a ghafi, a pit, somewhat wider than the dimensional intended 
to be preserved, is cat vertically down to the depth of 2 or 3 feet, when a top 
frame is j)laced over it, its projec^ug ends buried to thoirown deptli in the ground. 

Fio. 4S4. 



The oxcftvation is then oontinned to 4 feet, when a second frame is placed 
horizontally at the bottom, having lU aides vertically under those of the first; 
and the iiheetinga are Id ilown between the sidtw of the pit, and the exterior of 
both frames. In general, two planks are sufficient even in soil of ordinary 
tenacity; they are pressed home close to the top frame, and at the lower one they 
are kept out by wedges. The two frames are fastened together by four braces of 
w<K>d, or by means of ropes. 
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In frreat galleries, or in all galleries in bad soil, sleepers or grouml sills ore laid 
beneath the ends of each of the frames, to prevent the stanchions from sinkiiiff 
unequally ; they arc boricd tu tlietr own depth. 



Fig. 48«. 



(244). When a gallery is required to incline don-nwards, instead of sinking 
a shaft, it is proferablo to commence it from behind a cover, the pnrajK^t of a sap 
for instance. The trench is deepened so as to allow 3 feet of tyirth above the top 
of the gallery, and the direction boing marked by two pickets, the first frame is 
pkced, leaning forward in a direction perpendicular to the descent. The work 
proceeds as in tlie gemei'al case, tho distance between the stanchions being 
measured along the slope, and not horizontally, in onler to use the saine 
sheetings. 

Fia. 4S9. 



(245). In changing tho inclined direction of a goUery to a horizontal eouru, 
the first vertical frame must be sup^wrtcd by struts parallel to tJie atuiidiiuns 
of the last obliqaa frame, because tho weight of the earth tends to overset 
the frames. 

Fio. 490. 
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never allowing tlie top sbeetzng to project ntore thsn six iDcfaea berond it. To 
avoid wedging the alieeftiiig, tbe &lse fruDe is made 2 tocbes higber, Iberebjr 
giving an upward <T>lay to the planks. 

(248), Tho method of mining with frames b now sapeiseded by tho method 
of ctumff, because it produces a larger gaDeiy tw shaft by means of a smaller 
excavation, involves no trouble of measuring, plumbing, or le>-eUli^, requires m 
falae &ame in bad eoil, no sheeting, no lirace or rope to fasten the shaft's firamee, 
and especially because it eoablea the work to proceed much more rapidly, and 
allows of its being carried oo without danger in soils quite unfit to be worked 

with frames. 

(249). A COM oonsists of four pieces of two-inch planks, two side pieces or 
stanchions, and two end piece* or cap, and ground sills, fixed by tenons and 
mortisos 2 inches long, and 3 inches wide. A couple of rivets prevents them 
from splitting. 

Fia. 4M. 



Jl 



IT 



.n. 



V 



£ 



The planks are 1 1 inches wide. For great galleries more strength is required, 
3nd the ground sills aro 3 inches, the stanchions 4 inches, and tbe cap ulls 
5 inchea thick. 



rio. 4M. 



JL 



SL 



The usual dimensions of oases are: shaft, 4 feet 6 inches by 3 feut 6 inches; 
great gallery, 7 feet 6 inches by 6 feet 6 inches ; braooh gallery, 4 foot 6 by 3 
fc«t ; small brauch^ 2 feet 6 iuclicii by 3 foot 7 incheH. 



SHAFT-SINKING IN SOFT 80IU 



269 



The stanchions for great galloriea havo no tenons ftt tho lower end, but are kept 
in tlicir position by bltx-ks of elm nailed to tiie ends of the ground sills. 

(250). 7b sink a shaft in luoso aotl, an excavation of one foot is mndc and iho 
6rst cose is placed ; the second and all the others are placed in tho sanic waj^, 
but instead of excavating to the like depth of one foot on tho whole area, tho miner 
excavates first for one end only of each new frame, then for tlie other end, next 
for one aide, and tlion for the other. 

l'\0. 496. 



The shaft itt completed tbus to the level of tlie bottom of the intended gallery, 
and at starting, two sides of the cases are placed exactly parallel to the proposed 
direction of the gallery. Tu commence tJiis, a fixed frame similar to a doorpost 

Fro. 497. 

n 



is set up on the side of the shaft with its sill below tho level of tho intended floor, 
fitting exactly right and left: it is intended to support the lowercasing of the shaft 
after the pieces arc removed to excavate the gallery, its widtli and height lioing 
equal to, or an inch greater llian thoso of the gallery. It is placed in its position 
after the miner has removed tlie lowest end piece, and the one immediately above 

Kto. 498. 



j„ OREAT GALLERTE8. 

it The other ends or side pieces are removed afterwards, until there is siiffifiwit 
height for tho gallery. 

The p-ountl sill of oach case is 6rst laid, then the atjmchione and tlie cap. The 
cap is fitted first with the tenon of one stanchion, and either the other end Ls raised 
op, or the hood of the second stnnchion is pnshod ont two inches bejond it* proper 
place to adjnst the tenon and mortise of that aide, care heing taken fo cnt owaj- 
no luoi-e earth than is uccessarv. 

(261). Great galleries 9e^^'e chicHy for a descent into the ditch, and may shtjie 
1 foot in 4. Thoy are commence*! by cutting a shaft 10 feet square at the 
bottom and 1 feet deep, and from the Ijottom o rnmp is cut to the rear as a means 
of coromunicatiou. This dcptli will leave 3 fgct of earth over the cap of the 
eallory. The cases are placed perpendicularly to the slope. In making these 
gallerioe, after a case is set, a couple of crulehs of the fonn of a T are us«l, the 
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the excavation is next continued (>elow to allow of the placing of the sill and the 
EitJincliionfl of tho new case one after another. Tho crutches being moved on to 
this new sill, the process Ijcgins afresh. Tho head of the erutch is hniccd to tlio 
shank liy un iron lK>lt to he miide Mteady; the font is kejit sli-ady by drivi^^ a 
wedge InU) a groove cut in it, and tho projwting end of the head is nlK>nl an inch 
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thickor, to onabln each anccessive cap to stand at first a little higher than its final 

level. Notches 1 inch deep and 6 inches long, arc cut on each side, about a foot 

from the top of thoso stAiichiona to allow of a man's hand passing tlirougli to 

adjust theui. 

(252). Galloriea cmce begun in loo»e soil should be carriud. ou without intiir- 

mission. Wfien Oie soil is favourable jiartial casing;; only is neceasaiy, and the 

cases are introduced nt clear iuten'als of 3 or 4 feet, tliey aro either notched into 

thu cai-th, or the end pieces are supported by pickets driven horisoutaliy under 

them. 

I 

Flo. SOI. 



In making small gaUeriext the same method is adopted, and by laying the cases 
at 2 feet 4 inches and 3 feet G inches in the clear, alternately, we can put a cap 
and aiti on the top of the abort bays n.nd two Htanchioiis on the wiiler one. these 
being fixed to the sills by their tenons : 24 feet of gallery can tliua be luatle witli 
ten cosesj seven acting as frames, throe as sheeting. 

FlQ. 50S. 
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(253). In changing Md direction of descending gallerieii, the cap of the first 
level case idiould abut against the last descending ease, the triangular spaces at 
the bottom htiing filled with pieces of board. When the direction of the gallery 
turns, the cases touch on one side, uot on the otiier, and the Hpaoes left at llic top 
ami the side are also covered with hoards. 



VENTILATION OF MINES. 

FW. 503. 
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When the ffalleries to bo excavaled are long, two or more shafts are sunk 50 or 
60 yards apart, thmr axis being iu a vertical piano. Should the ground bo un- 
even it is levelled with a theodolite, the reH]>eotive depths are calculated, and the 
miners havin" sunk the shafb), advanco towards each other guided hy tho composs. 

C254Y Aftxir a gallery has been driven to sonio distance, fortj or fift>* yards, 
the miner cannot proceed any further unless a supply of freih air be introduced. 
This is done iuone of three ways. If two or more galleries run paiallel, commu- 
nications cut through thera at intervals may produce a current of air: ani>thcr 
way is to pierce a hole upwards from any part of a gallery : and another, to forcu 
air in by a pair of bellows. 

FlO. 809. 



The miners* bellows, or Haig's patent ventilator, is made of leatlier : it is cylin- 
drical, witli a drcuhu- wooden top and bottom. Its height and width are 1 3 inches 
each, and it holds one cubic foot of air. A man works it standing, with a staff 
earewed into an iron socket at tho top, or sitting, by a shoit handle fixed to that 
socket The air enters by a valve c, an<l is forced tlu-ough a short nozzle n, % of 
an inch in diameter. A cro»9 bar c ih fixed to tho bottom witli projecting ends for 
a man to stand upon to keep the bellows down while working. Tho air is con- 
ducted tlirough tin tubes, 2 J feet in length, \)^ i»tt;h in diameter at one end and 
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tapered at the other to mako it fit into the next. Flexible joints I -^ fcot lon^, and 

Fw. 606. 



of the same diameters, made of leather with tin fixtures servo for connecting tlie 
tin pipes at the iurninp.-i of a gallery. Tlie whole of* tlieso pipes are buried under 
ground in grooves ; and a flexible joint is fixetl in the mine at their extreme end. 

(255)< In sinking a sliaft, a man can excavate and throw up the oai*t}i till ho 
gets to a deptli of 5 or 6 feel, after which ho iills a basket with the luose earth, 
which two men at the top haul up. 

In driving a gallery or branch from a shaft, one man picks, another fiU.s, a third 
wheels, a fourth fills the basket, whilst two men haul it up at the top and spread it 
When the length exoeoda 60 feet, two wheelers are employed. When necessary 
one man works the Irellows at the tnp, 

lu great shafts or galleries common intrenching tools may be used, but for 
excavating small shafts or branches, mincr^s (uckaxcs and sliovels are the best 
tools; those are shorter and lighter than the former; in small gallenes a solid 
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small iron rako is found aseful : and to place tlie frames and sheeting, flat and 
pomted puah-picke are employed. 
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The buckets are cylindrical, 13 inches wide and high, and made of strong canvass 
stiffened at the top by 2^ inch rope inserted into a brood hem: bv meana of eyo- 

T 
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MINER'S TRUCKS. 
FlO. 510. 




lets on each side, rope ears or handles are fixed to it To raise it from the 
bottom, each of the two men at top has a rope made fast to one handle. 

In low galleries and branches, where wheelbarrows cannot be used, small 
waggons or miner^s trucks, resting on short cast-iron wheels, answer the same 
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porpose, a man pushing behind, assisted bj another polling with a rope in front, 
when the gallery is descending. If more than one truck is used in a gallezy, 
recesses must be made in the sides to receive the empty one while the loaded 
one passes it. The miners generally descend or ascend in a shaft by rope ladden, 
but if none can be had, the miner sitting on the bight of a 2 inch rope is lowered 
down, one man holding each end of the rope. 

Fio. sis. 




When material or tools ore wanted in the mine, they are let down by ropes or 
in a bucket It is never allowed to throw them down. 

In ordinary soil the great galleries and shaft proceed at the rate of 1 foot per 
hour, small galleries 1 ■ fuct 
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(256). The charge of |>owder is 8om«tinie8 placed at the bottom i>f a sbail, 
sometimes at the extremity of a branch leading out of a galiury. In (uther case, 
a cubical recess, cvMoA the chamber^ is cut at right angles to the shaft or branch, 
so that its body iimy be out of tlic direct line of iu The iwwder is carried in 
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bags, containing 40 or 50 pounds each, and is ponrcd into the cliamhcr, or into 
a square box made for tho purpose, and placed iu the chaml)er if the ground 
is dnrap. 

One |>ouQd of powder occupies 30 cubic inches. 

A powder ho&e, or a tube, 1 inch iu diameter, nf strong linen filled with |>owder 
is pimiod in it, and readies the point where the miner is to ignite it ; generally it 
is i)rotected by a wooden ease, and fixed to the sides of the shnft by wooden [wgs. 
More generally, Bickford's ftize is employed, wliicli is a smjdl waterproof flexible 
tube, oontnining powder covered all round with moist clay, and firwl by a piece 
of portfire long enough to give the miner time to make his escape before the 
explosion : this method has tho disadvantage of filling the galleries with smoke. 
The best metJiod, wlien it is possible lo employ it, is to fii-o the mine by means of a 
voltaic bailor)', or by Stratliam'» electric fuze. Previous to firing, it is necessary to 
tamp the mine, which ia done by covering tho rhambttr with a plunk, closing tho 
top with sods or sandbags, stopping tjie mouth iu Uie same way, and placing 
stmts between it and tho opposite side of the gallery, filling the interval with 
sandbags, &c. The tamping is ou'ried on iu the gallery suflicieutly far to pre^'ent 
the mine from damagmg iu If it ia at the lH)ttnm of a shaft, the whole of it ia 
tmnj>ed. 

(257). When several mines are to be fired simuItancout>ly, they are called 
conjunct minesj and the jxiwdcr hoses or eaucimom ^ra bt-uuglit l^tgetherut the same 
{mint or fociu <>/ iipUliony their i*u^|iective lengtlia to tho chamlH.'r& Ijciug e^uul to 
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tiuit of the furtliest mine. Tlie fwnts of explotion is Uio centre' of tlio chamber 
xiaxAt 

(358). The effect prodnced hy a mine depends ui>nn the quantity of powder 
ttsed, the dejith nt which it is placed, and the nature of the soih If the rharge 
is smail^ the explosion caases a mere spherical compression; hut when the charge 
is sufficiently strong, the explosion raises the earth above, and forms a hollow 
circular opciiinf; or crater. An iiitenml oommotiou is also produced, which may 
destroy shaf^a and galleries. The 8olid through which the commotion is felt is 
a kind of ellipsoid. The distances, AE, AD, to which this commotion extends 
ore CAlled radii of rupture: the radius, BC, of the opening is called the radius <kf 

Fig. 5I& 



the crater. The line AC drami from the charge to the edge of the crater h tire 
radius of exploeiony and the distance, A 6, of the charge to the surface of the 
ground is the line of Uasi resistance, 

One-lirud, tteo- lined, three-lined, &c. craters arc those whose diamoten are equal 
to once, twice, three times, &c., the lino of leant re8i!^tance. 

Common mines are those forming two-lined craters. 

l/ndei^arged mines and over-eharged mines are those produced with a quantity 
of powder loss or greater than is necessary to produce a two-lined craier. 

It has been found im|>o»sihlo to obtain cratem ui' a radius greater than three 
times the line of least resistance, hut tlio power of producing an interior eflbct of 
rapture has no limit. In a common mine, the major axis of the ellipsoid or 
horizontal radius of rupture la 1*7, and the minor axis or vertical radius is 1'3 of 
the line of least rosUtauco. In a miue with the uiHximum cniter, the huriz<intal 
axis ia 4'3tf, the vertical 1*4, showing that by inereasing the charge the effects 
below the nunc ore slightly increased, whilst the Literal eflocts are much 
greater. 

(259). In order to find the quantity of jxjwder necessary to produce craters 
of difteii«i( diameters, oxpross the line of lefwl resisloiiec in feet, cube it, unil 
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for a omvlined crater multiply by -033, two-lined '1, threo-line<I '21, four-lined 
•4.'5, fiv(!-lini-'d 1 , six-lincil 1'75. 

The product gives t}ie charge in ponnds. It corresponds to nbont 1 1 pounds 
for ovory euhic yard contained in llic crater. 

The vuliiinu of the eartJi displaced in a common mine is generally considered aa 
tho fmslrum of a cone, having for its height the line of least resistance, for radius 
of its larger ond the same line, and fur radiua of its nmaller end half that line; 
the solid contents are therefore V ^'' Allowing 1 J pounds for a cubic yard, this 
formula may serve to calculate the charge ; the above method is more oxpcditiocis. 

OveiM:harged mines, or t/loOes of cornprcMiony wa somotinies employed by the 
bemeger, and less frequently by the besieged ; they were recommended hy Belidor 
towards tho middle of last century. The b"ne of resistance f, and the radius of 

criiter r, Ijeing given in feet, the charge in pounds is \r — —^ 1 

For inider-charged mines the charge would be ( - — in~" ) 

The radii of ruptare in this case are the same as in common mines, but when 
the Hue of least resistance exceeds 10 feet, the horizontal radius of rapture 
_ C + 1500 



90 



, C being the charge in pounds. 



A sufficient number of experiments, however, have not boca made to justify 
us in placing iinplic^^it reliance on these formxdaa. 

It has been found tliat in doubling (he cliarge we can dispense with tlie tamping, 
and that wlwn the mine is excavat^-d through dift'erent sorts of rooks, the cliarge 
found by the precetling mles must be multiplied by a co-«fficient: thus in- 
Light sand by 1*12, hard fwnd 1-25, wet sand 1'30, clay mixed witi loam 1*55, 
fat earth 1 -70, rock 2*25, good masonry or brickwork 2*25, old and good ditto 2*50, 
new and inferior 1-60, best masonry 2*90. 

When exploding in open air, the resistance offered by the atmosplieric pressure 
is nearly equal to the wciglit of a column of inolid ea.rtli 12 feet tliick. 

(260). A camoujiet is a Hmall mine, charged with 10 or 12 pounds of powder, 
and forme<l in the wall of the enemy's gallery to blow in tho earth. 

(261). BUitU arc small chambers or holes made in rock or masonry. The 
instruments iv^juired fur making them are the jumper, the scraper, and tlie 
hammer. A miner holds the jumper, turning it round, whilst anutlier strikes its 
head with the hummer, Uie scraper serves to clear the hole. The charge occupies 
one-tiiird of the hole, straw stalks filled with [K)wder ore dipjied in it, and tlie 
blast is tampiil with pieces <>f rork or san<l. 
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(263). A system of coanter-mmes generallj consists of a gallery of counter' 
icarpj or magistral (/aUery, AAA, close behind the revetajent of the eomiter- 
scarj), and of nn envelope gallery B B B parallel to tlie former, anil at a variable 
distance^ Tho magistral and envelope galleries are connected by galUriea of 
cctnrnunication, Ftotn tJic envelope, luteals or listening gaUtriea are pushed 
towards tlio country to meet the miner of tlio attack. Sometimes a gallery 
eitendi along the fjices of the bastion-s and ravelins, es|«jcially where the breach 
is expected to he made, and is called an escarp gallery, 

(264). The magistral gallery liaa sometimes been constructod nnder tho 
banquette, or under the middle of the terroplein of tlio covered way, especially 
when the system of coimter-mines has been prepai-ett after tiie erection of the 
fortress ; but it is preferable to establish it immodiutely l>ehind the oounterficarp, 
since besidcA being more economical, it is better lightc<l and vcntilatetl. It is 
6 fot't wide, and from 7 '. to 9 feci high. As it follows tho counterscarp, which is 
thicker under tho travcrsos, it h not exactly in a straight line. It is pierced with 
loo]>holo8, both for ventilation and for tho defence of the ditch. SmuU magazines 
for tools, wood, powder, &e.j are constructed elose to the galleries of e^jiniimnica- 
tion. Tho ontranccs to tiio gallery from the ditch are fiannod of doors wlueh ran 
bo bolted inside tho gullory, (k» tliut the miners may ibolule thomsolves should the 
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ENVELOPE OALLERIES. 
FiQ. S19. 



-lArwv" 



enemy sucwcd in rcftching tho ditchr. The gallorios of cominanication can also 
be isolated from the ma^sti-al, to prevent tlio eTieniy> wlio has entered tho former, 
from occupying the lutlcr, by means of sliding doura. These doors are loopholcd. 
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and cnn bo fastened by moans of iron pins passing tlirough the door into the wall. 
Tho great objection made agninst conntcrscarp gullenes in, thai tho enemy having 
posseased himself of (Iiem becomes master of tho ditch. 

(265). Envelope gaUeriea are now seldom used, because presciiiing their eidtM 
to the globes of eompression of the enemy, they are eauily destroyed, and when 
lost serve as a basis of operations to the besieger's miner. Tbey are only 
employed for small iwrtions. Their dimensions are 4 feet wide and 6 feet high, 

(266). The. galUriex of communication are of tho same dimensions. They can 
be isolated from the envelope by sliding doors; a recess may bo mado at the 
junction, which serves as a depot for tools; the dtior is defended from loopholes, 
or it may be barricaded by filling the whole recess with sandV>ag8. The galleries 
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tbemelvee can be closed by barricadoe of beams and sandbags ; and grooves are 
pro{iared in both sides to enable the miners to slide tho beams. 

(267). Littening gaUerifs are 4\ feet high and 3 feci wide, and must not 
exceed 45 yards m length, because tho air becomes unfit for respiration beyond 
that distance. These galleries are madu to enable tho miners of the dcfouce to 
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catch the souiicl of tho blows of the enemy's tools, which, he can hoar if they are 
produced withui & distance of 60 feel; and shoald he thus obtain a warning of 
his approach, lie commences a Rtnall branch tu take iiiui in flaitk. 

The listeners shouUI not be more than 120 feot apart, so that the enemy cannot 
pass between them without being heard, and tliey should not be nearer than 
48 feet, because with tlie usual line of resistance of 15 feet (270) two mines, 
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exploded in pamllcl listeners less distant, would overthrow tho whole ground 
between them. At the distauoe of 48 feot, the effects of the radii of mpture will 
dof*?nd tho inter\-al very well. 

In order to save time, openings are left at intervals of about 30 feet on the 
walls of tho listeners, to facilitate the execution of tlio small branches; they aro 
closed by thin walls, to prevent the earth from falling;: grooves arc alw matle at 
intervals of 8 or 10 leet, to lUcilitato the tamping by inserting beams, &c. 

(268). Chambers of mine may be placed auywln.'ro in the galleries themselves, 
or in tho brandies leading from them ; hot It is necessai'y that the jKisitiun of 
those nearest to tho covered way, intended to blow up the breaohing and counter 
iKitteries, should bo well determined, because their explosion might blow up the 
crest of the glacis, and expose tiic dctunders. Tliese chambers should bo all 
placed in a plane incHued at 45o to the horizon, and {Missing at a distance of 
24 feet from the crest of the glacis; and tlie small branches leading to them 
may be prepared beforehand. 

At iho point of juncture of two or moro galleries, small vaulted chamlwrs are 
usually constructoil to facilitate tho movements of tho miners, and to scn'e as a 
dop6t: they are circular, rectangular, &c., and covored with a dome or with 
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other, (wi as to blow uji the grmind several titoes iu succession ; but Grunerftl 
Dufour has clearly provod tJiat the ehnmbera of defensive mines should f*e in the 
eafne planet ot a depth of from 4 to 6 yard* lelow tfte surface. Wo give hero 
his (Icmunslration, translated in the " Aido-M^moire." 
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Let now MN represent the water level, and B, B' two mines plawd as 
luw as praelieable, as regards the water level, which ntincH are supposed to Iw 
30 foet Wow the surface of tlie ground ; let C C (T C* be tlie position of 
defensive mines, placed at half the depth of the first mines B, B'. and, like them, 
separated from eacli other by intervals equal to twioo the line of their least 
rcsistan<!C. 

Tho besieger, in driving liis gallery as low as ])ussiblo, would place liis mines as 
near as he deemed prudent to Uie defensive mines B and C, and load them as 
globes of compression, or surcharged mines. The solids of rupture of the dofenMvo 
mines B and C are represented by dotted ellipses. 

It will bo observed tliat tliey keep off tho besiogor*s third parallel, equally 
distant from the covere<l way, when (lie indst advanced mine (C) of tlie upper 
system is carried forwartU a few yards in iront of the moat advaneed line of tlie 
lower system (B). The besieger's miner, thon, endeavouring to give to his 
offensive mine (A) ttie greatest possible destructive action, wouM load it with 
(iOOO or 70001b. of powder, which would give to his horizontal radius of rupture 
a value c<]ual Lt> four times the line of least resistance, white the vertical radius 
of ruptiu% would somewhat exceed tliat Line. 

But as in ordinary or common mines, tlie semi-axea major of the ellipsoid of 
rupture may be practically taken at ab«>ut I^ times the line of least resisUinco, it 
follows from tlie liguiv Out fiom B to tlie <ii&taucc is about 3; iituta, tho line 
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in cnttingSf instead of by the laborious proooes of tunntslling, — it will, it is 
cxineeived, be ooucedcil tbat no doubt can exist of the advmitages of the two 
8_v8t«iiia, C, C, C, C", and ti, 15'. Tlie upper system will theivfure be selected, 
as sitU'ited at the mo8t appropriate depth for the subterranean defence ; and 
the principle will be assumed, that the chambers of defensiv-e mines should 
be in the same plane, at a depth of from 12 to 18 feet below tho aur&oe. The 
position of tho galleries which condaet to them, should bo in another plane 
|Mi£siug through Lhu botluin of Uie ditch, at tho foot of the couiitoiscarp^ and riuiiig 
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at such an inclination at to intersect the plane of tho mines under tho foot of the 
glacis. Tho plane of the galleries will therefore bo favourably disposed for 
draining off the water and keeping them dry. 

The mines, dis|M)gpd as above explained, may be placed in the gallery when 
tho latter is coincident with the planoa of tho mines ; but generally the mines 
are reached by bi-aniJiea driven from tlie main galleries. 

(271). When the besieger haa constructed his third panillel, he commences his 
mining oijerations to discovor the gnlleriea of tho besieged in order to blow thejii 
op, and to make safe of the ground below, before advancing fiurther on the 
surface. The miner of the defence j^roceeds from his listening galleries to meet 
him. Both miners listeu attentively for the sound uf tho pickaxe, so .is to judgu in 
which diroclion they must advance. Sometimes one of them, hearing hia enemy 
approaL-h, will stop working, to avoid giving him warning of his presence. WTien 
they arrive within four or five yards of each other, they employ camontiets ; 
and wheji Uiuir branches meet, tho miner who first perceived it piercea tho earth 
wttli a borer, and Hrcs a rocket through tlic hole to poirton the air. As soon as 
tlio miner sees a borer, he tnust, at thu moment It is withdrawn, fire a pistol 
thi'ough the hole, and endeavour to give his cumouflet first 

If they meet tliuy fight witli arms, and try to soizo each others galleries, and to 
find the chamber of mines, eitlwr with a view to take the powder, or to saturate 
it with V. atcr, or else tu cut the wire that ct^miccts it with the batter^'. In his 
subteri-ancan warfiire the botii^ed fires coimnoii mines, only )>ecau:>ti he must 
economise hi.t powder; and he avoids funning wide craters which the besieger 
can occupy. 
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(272). Tkc! besieger, on the contrary, will employ globes of corapresaion. A 
Brst globo, at a ileptb of 7 or 8 yards, loaded with 4t»00 ]>ound8 of powder, will 
destroy the extremities of the (^Ucries. 

Tho eraU>r ifi at once occupied with the Hying eap, and from it advaooo if 
made further into tho system of couutor-mincs, when a second globe ia 6redy 
then a third, and a fourtli will generally blow in tlie muntcrscarp. 

The defenders will op)>o6e his advance, fire a few mines, delay him, &c. It 
is calculated that a system of comitei'-mincs will arrest the besieger during forty 
days at least. 

An engineer * lately observed that ** countennines are as indispensable for a 
front attack as parajiets and flanking fire, and that Vauban had, towards the latter 
part of his life, very properly advised Louis XIV., then in atlversity^to construct 
them in all his forti-cssos.*' Bousmard also said : '' Forty-two miners, properly 
employed, oan double the duration of the I'csistancc of a fortress, and eouuter- 
minesy whether constructed before hand or not, are tho most powerful moans of 
defence; tho very means which, in case of a choice, must bo preferred to all 
ot}u»v, and for whoso entire development everytJiing must give way. Thoy 
deserve tlw preference were it only on account of tho support they give to other 
means of defence : aitillory and mnsketry act most powerfully when the miuus 
havo uncovered the besieger ; works of defence and fortiticatious are never so much 
dreaded by the besieger as when he knows they are countermined." Unfortunately 
tho advico of Bousmard has not more prevailed than Uint of Vauban, and in 
France, from 1810 to 1840, not one gallery, nay, not a branch was constrncted. 

(273). Wo may hero mention a method of attack by mining proposed by Gillott. 
a French en^neer. After tho construction of the third paiallel, the approoelies 
are suddenly stopped, and at night a flying sap is made Iwtwceu tho parallel, and 
the crest uf the glads. lu th'^ trencii tlie miners sink sliuAs 6 y.'trds apart, to 
the depth of aliout 9 leoL This can be done in less than five hours, during which 
tho besieged caimot alter his dis|x}sitious: 300 or 4(K>llts. of powdi*r are placed at 
the bottom of the^ shafb, and all these mines being fired simultaneously, the 
ooanterBcarp is insulated from the branches and. their chambore. 

A similar operation excculed the following night In the covered way complutely 
destroys Uic magistral gaUerlcs. Kxperienco ha^ nutyut proved the value of this 
method : it can only Iw attempted when tlie gari-ison i^ dtMnoraliztvl by former 
attacks. It may canso tn the l>esieger as severe a loss as the storming of the 
covered way : and in c^ase of failure, tlie siege must i^e raisod, or tho attacks be 
resumed with tlie nsuul regularity. 

(274). In order to open a breach by Uie minUf the cliarge should be placed 
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OPENING A BREACH BY A MINE. 2^J7 

bohind the oscarpi iii rear of the counterforts, from 2 to 3 feet abovo the 

FiO. 5S8. 

ditch ('^28), or 1 foot abovo t}ie level of the water (529), and at a distance from 
FiQ. (39. Fio. 530. 



the terreplein, not less tlian twice the line of resiBtance, or the length from the 
charge to the face of the walL Vaubon placed the iiiincs al a di^itanco from the 
faco of thu escarp equal to .^ or ^ its height^ nuar tho tails of the coontci'forts. 
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He computed the charge at i more than for a mine in common earth. 

W, instoiul of making a breuoh> it is merely wanted to destroy the escarp, the 
cliai^ itt ]>Iaced ncai* the base of the wall, in the middle of caoli counterfort, in a 
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line with the back of the wall, and is eqnal to i the cube of the tlucknens, the 
chambers being dis|>oacd at two-lined intervals. If the wall has no counterfort 
the charge may be placed at tlic back of the wall at two lined intervals, iu which 
case it ia ~ the cuIk? of the tliickuess. 

To diitroy a wall standing alono, a barrel of i>owder is placed along it at its 
foot. If the thickness varies from 6 to 6 feet, the chamlmr must be placed un<ler 
the foundations, and if Uic tliickncss averages from 9 to 12 feet, n bi'anch is driven 
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at the level of the ditch ; and tite chargOj com]mted at } the cube of half the 
thickness, is placed in the centre of the wall at two lined intervals. 
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To destroy a imll by blaetitty, tiie hole h borod at 45° downwards; to tfao centre 
of the wall, and as much I»eyond it as will hold half tlie charge; the charge zz^t^f 
i being half the thickness The holes are at two-lined intervals, tla-ii- diameters 
vary from ,V to ^ the thiekncss of the wall ; frequently two holes instead of 
one, exactly opposite to each other, are bored from contrai^' sides of the wall, aod 
anite in (lie centre in the form of a V or an X. 

To destroy galleries of countermines, barrels of powder are placed along ihem 
ten fi^t apart, the totiil depth not exceeding 15 feet, and both enils an 
blocked up. 

To destroy potoder magazines or bombproof buildings, the charf^ is placed on 
the floor, at inter\'als equal to the line of least resistance ; this is equal to the 
distance between the floor and tho external turfacc of the building: the 
charge =r^ l'. Tho door should be shut, and the windows blocked up with 
timbers. In a casemaU, the charge should be nearer to the front than to tlie 
open end. 

To destroy a barrio- gaU, tho charge of powder, from 50 to 100 pounds, 
according to Aolidity, is attached, with a gimblet or spike, and fired with 
Bicfeford's fu7^ 

To destroy bridges, the piers arc mined as for walla, but when thero is no time, 
a trench is cut over tlic key of the arch, 18 inches deep; and 400 lbs. of powder 
are placed in it, and covered with tinibor and earth. 

It hoH been found that lu regular mining and l>lasting the charges must bu 
increaaed by j, or even ^, to obtain a violent instead of a moderate demolition. 
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CHAPTER XVII. 

m 

SYSTEMS OF VAUBAN. 

TACBAN, riRST 8TSTKM. (Sce 185.) 

(275). The line of front, fixed at 360 yards, ia a mean botwcen the extrnmo 
limits which can be given to permanent fronts, witli the relief adopted by Viiuban. 
The miuimum 300 13 detenuiued hy tlie eondition that tlie entranco of the postom 
on the middle of the eurtaiu should be scon and defended by tlie aiusketiy of Uie 
flank. The maximum 400 in obtained by tlie condition that tiic Unea of defence 
should not exceed the efFocTtive range of musketry, (see 94.) Tims 300 is 
the length of the urdinary or mean front The condition of seeing the posteni 
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from the flanks is the basis of the altcmtiona mnde to the relief when the length 
of the front is imposed upon us. Thus, if tlie front were only 240 yards and the 
relief 44 foot, there would be a dead angle before the curtainj and it would be so 
for every relief above 36 feet. 
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(276). The perpendicular varies from -;th to ,|tli. 

The Qanka are destined to defend the broach, and are counter-battered by the 
batteries established at the crowning of the covered way of the bastions: the 
Iwsieger ha8 a space equal to 40 yards — 30, tlie width of the ditch, added to the 

u 
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but when sarticn. become necessary, and when Uio possession of Uie ontworks is to 
be (lisputod inch by inch, the water must disappear. The descent into thcditeh ia 
then easily submerged; the paasafre, too, is hindered by chag»c8, &r. If, howtsvoT, 
a depth of water of 6 feot cannot bo obtained, it is better to renounce the use of it, 
inasmuch, as it then becomes an impediment to tho defenders, without being fin 
obstiiclc to tho beskgera. 

(280). The counterscarp of the main ditch ia directed towards the ahoulder- 
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angles of the bastions, to give hill scope to the Hanks; if It woro to \ie kept 
parallel, a part of the defence of the flanks would be lost 

(281). Tho tenaillc in traced on the linos of defence, and Tiaa a small relief, so 
as not to mask tlie artilleiyof tlie flanks. It can thus give a grazing firo on the 
terreplein of the ravelin, to prevent tho besieger from occupying it, and also an 
oblique fire on the main ditch. It covers Uie revetment of the curtain and of the 
flanks, and gives m its rear a goorl space for tJie defondertt to collect in safety. 
The passage of 8 yards at Us esd-emities, called trou de tenaille, has the defect 
of enabling the besieger to breach the flank from the crest of the re-entering 
place of arms. 

Howover small its relief may bo, this work will always contrary to somo extent 
tltc action of the flanks in the ditch, and give dead angles along those flunks. 

The Caponier is morcly intended to cover the deicnders in passing across the 
ditch from one work to anoUier. 

(282). The ruvelins constructed before Vanlmn's time, were very small ; their 
object was to cover the gates of the jilace and to protect the covered way, yet the 
besiegers were obliged to carry tliom, either before or at tho same lime with tlie 
aasault on tlte bastions^ because tlio breach of the latter would have otlionvise 
been exposed to rever»u fira Vanban increased the B.tlienry and made of the 
ravelins a very important work, the long faces of which carry artillGry, and 
render tho advaneo on the capital of the bastion very difficult; when tho polygon 
has many side», tlie solicncy uf tho ravelin ia such that the enemy must take it 
before atlAiuiptiug an attack on tlio baiitions. The interior of tlio ravelin of 
Vanban ia sufficiently large to enable the defenders to oonatruot somo interior 
intrenchment therein. 

The faces are diivctcd to a point 10 yards from the shoulder angles of tho 
boHtions, to protect tho flanks from tlic enemy's establishment on tho orcat of tbe 
glacis. 

V 2 



2*)2 



SYSTEMS OF VAtTBAN. 



It miist however be obaen-ed, that the eacarj) ouly of the showMer angle is 
covered, and Uuit the fiankn arc not : thi^ir c'uininand over Uie ravelin exposing 
then) to revoi-se am! enfilade. The ravelin has also the disadvantage of maitking 
the fire of tbc curtflin, and of being much ex|»scd to enfilade. 

The ditch has the same depth as the main onc^ and It leaves au opening called 
the " trou *' of the ravelin, which enables the besieger to breach the face of the 
bastion with the counter batteries of the ftsiHent of the covered way, a serinus 
inconvenience, which modern cngincei's Imve attempted to obviate. 

(283). The covered way ih, as its name implies, a jiath which was originally 
destined to receive small \n\»tn, to enable sentries to go their rounds and ohaerre 
the enemy, to afford a cover to the men preparing for sorties, and also to them 
when afterwards retreating, so that the gates of the place might not be exposed. 
A banquette was subsequently erected, and the c<»vei*ed way became a defensive 
work, giving a strong grazing firo on the appnwcliies. Vaulwin gave it a com- 
mand of 8 feet and sometimes less, but its glacis docs not mask sufficiently the 
masonry of tjic escarp, a great defect, which lus successurs corrected- He made 
it 10 yards broad only, to prevent tlie beaieger from establislilng his butteries in 
tlie terreplein, a width sufficiotit for the onon(>alion and the frMt cinnilation of 
troojis. The glacis has a gentle slupe and caimot bo destroyed, as would a more 
parapet; the beaieger must advance on a surface well defended, and has to 
excavate his crowning to obtain cover for his batteries, a labour of no small 
difficulty. 

The re ontering places of arms are destined both to pcrniit Uio garrison to form 
before making a sortie, and to flank the long branches of tlie glacis ; for this latter 
reason Vauhan made their angles of defence 100°. They form excellent poets, 
which permit the defence of the counterscarp to the last moment. 

The sally ports are <liroctcd towards tlio crest of tlic salient;; of the covered way 
of tlie ravelin and bastion, to prevent the enemy &om enfilading them. They 
are 4 yanls wide, a width more than sufficient, because 5 men can maivh abreast 
through them ; and at 80 paces y>er minute 400 men can Gle off through one 
[K»rt. 

The object of tlie palisading is to increase the security of tlie defenders, and to 
{irovent the enemy fi*om jumping into the covered way; but it is far from ailding 
strength to the defence, because the |>aHftados are in the way of the muskets. 
Bosifles, tlie men cannot be close to tlie crest, and are tnon? exfioscd. 

Id 1697, at the siege of Ath (some authors say in 1G88, at the siege of Philips- 
burg), Vauhan used the ricochet firo for the fii-at time ; and he afterwanls throw 
up travtrscs tdong tho tiovcrwl way, about 30 yards apart, the distance of the 
(light of a ri<HK'hcling lull. TIin«o establislied at the Hilient places of urms are 
placed on the rear of tlie faivs of the ruvuliii nitd of the iHiationfi. su as not to 
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affonl shelter to the enemy, and also to exiiose thoir terreploin to the view of tho 
enmnte, 

Thoao travervca intercept most of the flank fire directed from the onmnte on 
the covered way, luiil prevent a rapid circjilation, antl since tliey ohlif^e tho 
defenders to pass throngh narrow crofht'ts situated exactly nndor the crest of the 
glacis where the enemy eonics, they render their retreat dilKcult. Vauban lias 
tlicrefore recommended n little trench to be diig dnring the siege, along tho top of 
conntersfarp on the rear of the traverses, into which the defenders can retire 
to avoid bcinjr seen by tho enemy. 

SECOND S76TBU. 

(284). The rapid progress of tho art of attacking fortresses, and capecially the 
discovery of ricochet fire, induced Vauban to modify his tracing. As tho loss of 
the bastion was always fuUowcd by tliat of the town, he transformed the bastion 
into coiuitermiards or outworks of the form of a lunette or arudan. 
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o o' being the side of the polygon to be fortified = 280 yards, he erected at the 
angles bastioncd towora A, B, in masonry', to flank tho ditch of the enecintc. Those 
towers contained two Casematea,* or snbtcrrancan vaults built bomb-proof; 
tlie first 6 feot above the level of the ditch: each casuuiatu bud two guns 
firing through embrasures on each flank, making altogether eight guns only for 
the ditch. 



* CuemitM, from the Spanbb, ' CMU-mntaB,' ■laaehter-bousea ; tho* simed becAnse wbea them 
rabtamBftui vaults w^^n: first ouipbjyi'd it wu tniipofcd thcjr WDuld oocuioii groat ilau^litn-. Ttic udoIu! 
gVMTiiJIir dixiuitliiliM ttiem rrom aerviag the artillerj with asjr nSwt, but thay constitute good fthttllKr fiir 
nan anil anuQunition during a ihlg*. 
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(285). In his third system, the front A B heing, as in the first, 3fio 
gave an additional defence to the ditch by tracing a bai^tioncd nu-ta* .**' 
periwndicalar c<]nal to lOyanls. ^ n a 

In this system the w-arps wore biult of masonry to the lerol of tlje rjron A 
lercbv civtnc a great exterior slope to the parapet A berm of in ^ ^* 



thereby gi^ng a great 
reserved at the top of this scarp. 
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TRACIKO Tire SECOND 8VSTEM. 

(286). Let 0' (Fig. 538) bo tlio side of the i>olygon to he fnrlifiod, oo':^ 
280y:mls. At endi angle is a tower of majwrn-y: its denii-;ji>rgc mcasurod ^^ 
the bide of the pnlygon is 10 yardii long ; ite tlanks are porj^ndif^ular to the curtajt, 
!Uid measnre 1 6 yanU, mnzz 12, and « ^ = 4 ; its salient angle = 90°. 

The salients e, $' of the baatioiw trajisformod into eouiiterguards are ftt the dia^ 
lance of liha of the front oo' from the salient angles of tlio towers; the faces 
are direotcd on the floiitilng angles n n' of tlie enceinte: the shoiildtir angles are 
determined by circles described from tlie salients s, s', as centres and radii S n'^ 
S'fft the points g aiid t/' bisecting the semi-curtains Co, Co'; the flanks aru 
directed to a, a' taken at 2 yards from g, $'• The ojttroinities of those flanks am 
obuined by joining m /*' .ind m' ft ; the intersocHon of A m' and k a limits tlie flank 
of the loft eounterguard, that of A'm and k' a' the flank of tlio right This p.on- 
stnielion prevents tlio besieger, when arrived in ono countcrguard from getting a 
view of the other, and gives the flank of a tower a sight of the salient of the next 
The demi-gorgi-.^ of the rotintergurmls coinoido with tlio lines wi A', m'ft, as far 
as 20 yard* from the (laiika, and btnxjme liuigcnl to circles of U yards radii, 
descriljcd from tiie sulieuttt of the towcn as centrea. 
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The tenaille is traced on tho Hnea of defenre ; its rear is on tlio line that joins 
tho extremities of the flanks, and its profllos are parallel and at 10 yards from 
tbeso flanks. Tho diu-h in li-ont of tho countcrguanls is traeod as lu tho firBt 
ayRtcm, 30 yards widu at Uw salient, and its counter3car|j is directed on ifc, k'. 
The capital of ravelin is 90 yanla, the fiiccs arc directed .to 20 yards, from tho 
shoiilder angles h, fc*, and they have flanks determined by taking off 20 yards on 
the faces and 14 on the demi-^rgcs. Tho rest of the front is traced as in tho 
first system. 

The commands of tliis system above the ground are for towers 24 feet, eoanter^ 
guards and enceinte 22 feet, ravelin 18 foot, glaoin 8 feet, ditch 20 tbetdeep. 

Fie. 040. 
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TBACING THH TllUUr flYSTEU. 



(287). To trace tho third system, Vauban took the lino of front A B(Fig. 530) 
equal to 360 yards, and constructed a front of his fii-st system on it, with these dif- 
ferences, that the faced of the bastion were a third of the front, llial the «i[nUJ of tJie 
ravelin had 1 10 ^'ards, and its faces were directed at 20 yards &om the shoulder 
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anglBj and that the capital of itsrudoabt was 45 yanlA. The flanks oftlie ravelin 
wore traced as in the second system, and those of the redoubt were parallel to 
them, and equal to ^ths of their length. The ditch of rcduit was 10 yai-ds wide. 

The old curtain being produced, till it cuts the radii of Uie polygon, the inter- 
sections determine the_ Eialinnts of the towers: parallel to it, and 18 yards in rear 
istho interior side, on which a bastJoned front is constructed with a perpendicular 
of 10 yards, and with Hanks traced on the prolongation of tlic flanks of the 
counterguanis. To trace the towers 14 yards oa are taken on the interior side, 
and at that point a perj>ondicular is drawn 12 yards from a to &, and 8 yards from 
o to c The face is formed by joining D b. The ditch of the tower is 14 yards 
wide at the salient, and tlic dcmi-gorge of the connterguard after following the 
old curtain for 20 yards, becumea ttuigent to the circle of 14 yards. The tcnaille 
traced as on the first system on the lines of defence lias its gorge on tlie old 
curtain, and its profiles are parallel to and 10 yards from the flanks. 

The conunaiula were:— lowers 22 feet, counterguords and enceinte 20 feet, 
reduit in ravelin 17 feet, ravelin 14 feet, glacis 8 leet, ditch 15 feel deep. 
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In these two Bystems, the baRtioned towors contain casematoa separated bj a 
strong pillar of mosoniy. Access is given to these casemates by posttims that 
cover the staircases to the platforms at the gorges of the towers; the same pos- 
terns also lead to the ditcli and to small bridges that serve as commanications 
between the enceinte and Uie counterguarda. Similar bridges lead from tho 
countorguards to tho tenaiUes, and the tenaiUes are also readied from the ditch 
by means of ramps. 

Tho top or platform of* the towers, consists of a mass of earth rammed down 
over the casemates: it is provided with a parapet of bricks 2 yards thick, with 
two embrasures on each flank, and banqnettes along the faces. In the towers of 
tlie third system, this pai'ai>ft is also constmctcd along the gorge, in order to con- 
vert the i)latform into a roduit ; and a splinter-proof traverse is placc<l at the centre. 

The small flanks of tlie third system, contain a casemate for two guns cach» at 
tho same level as those of tho towers ; they are entered by posterns established in 
the curtain. 

In tho tlurd system the revetments of the ravelins and countorguards are not 
carried up higher than the level of the ground, very likely for the sake of economy. 
Tho exterior slopes have thus a great size, and a berm of 10 feet runs along these 
works between the top of tlie revetment and tho foot of tho exterior slope. 

Swtian ud Prodilw of Um Third SfUfliu. 
Fig. Ma. 
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the ditch through loopholes without boing ex|>03od to musketry fire. It was 
foruierly tlie fasliiun to ornament tUera ; but this has been abandoned because it 
marketj Uio position of the salleutij, and facilitated the taking up of the prolonga- 
tion of tlie faces. 

gBOSEKSTBB OF TQESE STSTEMS. 

(288)b The advantage of these sj-stems are, that the enceinte of the place 
cannot bo breached by the batteries established bcforo the salient of the ^a^elin, 
and the cuemy has first to occupy the counterguards; and as these are com- 
manded witliin a siiort rauge by the cnoointe, he will find it most dilEcult to 
construct breacliing batteries in tliem. The towers protect the enceinte against 
enfilade, and afford great security to tlie guns in tlio casemates against voiticul 
and du'cct fire. The defects are, tliat the towers being made of masonry, their 
platfonns are much exposed to the cft'ecta of splinters, more so In the second than 
in the third system. In this system the towers can scne as reduite, and ihcy 
will fiank the terreploin of the enceinte. The flanks of one tower cannot eflicieutly 
defend the faces of the other two, owing to the great projection of Uie counter- 
scarps of tiieir ditches. But, what is worse still, Uio towers can be so injured 
Ijefore the counterguards are taken as to become useless in preveuting the besieger 
from erecting batteries against the body of the place. The flanks of the counter- 
guards are too small for the defence of the main ditch ; the ditch of the ont?cinto 
is only flanked by eight guns in the second system; in the third there are sixt(»en 
guns, but the small flanks Ijcing in the prolongation of thciso of the eountergnards 
are cxp<jso<l to enfilade. The ravelins witli flanks liave the inoonvcnience of 
exposing the shoulder angles of the count*? rguanls, .-uid of enabling the besieger 
to breach the enceinte from the lodgment of the re-entering place of anns throngh 
the openings of the tenaille ; this defect is somewhat less in the tliird system, 
where tlie greater saliency of the ravelin will besides prevent the enemy from 
foruiing a lodgment at the salient of the covered way of the battUon, liefore he 
has carried that ravelin ; it will also oblige the besieger to oj>eu his trenches at a 
greater distance: the rodnit will prevent him from forming lodgments in the 
ravelin. In weighing the advantages and defects, it is very doubtful whether 
the defcnec gams auythmg ; and as the cxpcnditore in masonrj' is doubled, these 
ayatems have not been employed suice Vaubau's time. 



TBBZB. ATTACK. 



(289). Tlie methods of attack for tlie second and third syetenis are tlie same. 
For polygons of fewer than eight sides, the process is tlic same as (or tlie first 
system, until tiie counterguards arc taken(203): for higher polygons tlie saliency 
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TliG roduitsuf ravoUus are taken on the twonty-tliird night. The lodgnieutA are 
first enlarged to receive a few mortars (5, 5) for firing stones at the garrison ; 
then breaching batteries (6, 6) are constructed in front; and a descent gires 
access to (ho ditch if tlie besieger docs not blow !ii the counterscarp. The same 
night, the glaci» of the re-entering places of arms, and the covered waj of ttie 
ronntcrgnard, are completely organized, the former into a baUeiy (7, 7) to broach 
tlie body of the place through the opening of fJie tenaille, the latter into counter- 
batteries (8, 8) against the Qanka of the collateral coonterguards, the passage 
along the ditch of tin; ravelin advancing as far as the main ditch. On the twenty- 
fourth clay, under the protection of the counter-batteries (8), the passage of the 
ditch reaches the broach of the couuterguard, and the assault is given. The lodg- 
ment is made, and from its extreuutios the besieger runs a sap tlirough the parapet 
in order to drive ufF by musketry fire tlie defenders of the tenaille, whilst another 
Bap is pushed on Iwtwoen the tenaille and the fiank of the oounterguard. The 
ftJlnwing night, the breaching batteries (9, 9) are completed in the reduits, which 
together witJi tlie batteries of the ravelin and uf the places uf arms, enlarge the 
breaches of the enceintt;; at the same timo, the bosii^er erects in the counter- 
guards some batteries (10, 10) to counter-batter the enceinte, and more eBpcoially 
the casemated flanks having view on the breaches and the tower, and sinks shafts 
in the lodgment, to run galleries to the coimtorsearp, opposite the i^houlder angles 
of the tower. These galleries will permit the lodgment of chambers of mine, 
which, by their explosions, will throw a sufficient quantity of rubbish to mask the 
embrasures of the cast-mate,*. The batteries ore ready on tlie twenty-ninth, and 
the mines on the tliirty-tirst only ; in tlie meanwhile, Uie ]>atjsnge of the ditch has 
entered the ditch of the cnoeinte in full sap, ami reached the foot of the breach. 
On the tliir^-eecond night, the mines are sprung, and the assault is given 
at daybreak. 

KIR8T ST8TEU OF TADBAH. 



(290). To complete all that relates to Vauban's patents, we may allude to the 
first of his tracings, which diH'em from the front which wo havo given Iwfore. It 
in only step by Htep that Vauban improved this tracing; and the fnmt called 
his fiiTil iikyHtein, contains all the improvements which ho Ruocessively carried out 
The enceinte was first drawn as ex]dained ; and in order to conceal some artillery, 
and keep it intact on the flank for the defence of the breach, he gave an orillon 
to the flank. An orillon may be defined to bo a prolongation of the face of a 
baiiliun beyond tin: (lank. It was used by tlio engineers of his lime, who found 
it advantageous to protect the several tlanks of their bastions, but the expense of 
the masonry which it necessitates is out of proportion to the advantages gamed 
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when no sitch Hanks exist : the gun to be conoeulcd may be stnick at rmerse by 
rioocbct, or a shell may destroy it. To trace tliis oritlon, Vanban takes the third 
part ac, of tiie flajik for gorge: through the middle /-, he erects a perpendicalar 
lo, and from tho extrt^mity a oftlio face a perpeudicular a o, to it; the iixtcr- 
section of these [>erpendiculan gives tlie radius a o, which nerves to describe the 
orillon from centre o. From the salient A of tho collateral bastion, the lines 
Ac, AO are drawn to the iniorior extremity of tho orillon, und of the original 
flauk ; on tJiese Uuub produced, c h and b d -mk taken ec^ual to 10 yards^ tlie curtain 
haWng thus a Impure i»dj and tho wall ch, forming the reverse of tho orillon. 
Instcsad of tracing tho retired Hank along hdtho described an equilateral triangle 
on that line, and ^rom the vertex m as centre, and radius m A, he traced the oui'ved 
flank. 

The 6rtit tonaille of Vauban was also different from tho tracing he adopted 
afterwards : it had faceA, flanks, and curtain. The faces terminated at 8 yardji from 
tlie orilious, tlieir length, « (, being equal to half tho line of defence, «p. The 
Bunks were parallel to the original stmight Hanks of the enceinte. The curtain 
was traced paraUel to, and at 22 yards fi-om the curtains of the enceinte. The 
tliickncss of tho faces and Himks was 15 yards, hut tliat of tjic curtain was only 
12 yards, in order to leave 10 yards paswige between ha gorge and the enciointe. 

This tracing was soon set aside, because it exposed the defenders to reverse 
and slanting fire from tho salient of the covered way of tlie bastion, thereby 
rendering the ieiiailJe useless fur tlie defrmce of the ditch. 

The demi-lune was traced by doscrihing a circle with the flanking angle ?>, as 
ccntro, and radios b(f: the intersection r, of that circle with tho perpendicular 
fixed the {tosition of tho salient, and tho faces wore directed to the extremities a, tf, 
of the faces. It had flanks traced like those of the second and tliird systems. 
Those flanks were destined to receive four gnns each to Are on ilie breach of the 
boatioQ ; bat wr have seen that tin solloncy of iliis ravelin was not suffidcnt to 
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from tJie sulients with a radiiw of 30 yards, and diroctod on iJie slioulder-anglee of 
th« cre«*t9 of tho bastions. 

In order to prevmit the licsicger from crownin*j tho covered way of the bastions 
at the same time as that of the ravelin, Vauban in his last tracing pave a greater 
saliency lu the ravelin. Cormontain^o took its capital, equal to T^^tha of tho 
front. Now, 34 yards are taken olf from the shotilder-tmgle of the bastions, along 
the faces: an efiuilatoi-n.! triangle described on this line, gives the ravelin. The 
ditflh is 20 yai-ds wide, and 6 feet less in depth than the main ditoh. The ravelin 
is 20 yards tliick. Its great salioncy, which increases with the opening of the 
angles of the i>olygon, obliges the besieger to take it before crowning tlio ooverod 
way of the bastions, and its reduced thickness prevents him from establishing 
batteries on the terreplein to breach the redoubt 

Vauban usunlly placed a redoubt in tho ravoh'n; instead of constructing it wjth 
palisades, Cormuntaiugne gave it a scarp and a ditch. Tho fare of this redonbt 
is tlruwn parallel to tliat of the ravelin from tlie shouhler- angle of the erest of the 
lustiun. Its dit<th is lO^-ards wide, its deptli is IS feet less tlian that of tlie main 
ditoh, to prevent the besieger from attacking tho ravelin at the gorge. Its gorge 
ia obtained by bisecting tlie thicluicss of the ravelin at its extremities, and joining 
tlie points of bisection. It is therefore parallel to the curtain, and the staircases 
cannot be sewn from any part of the covore<i way. 

The flanks of the redoubt are traced by marking off 20 yards on each face from 
the point where they meet tho gorge, setting 16 yards off on the gorge, and join- 
ing. These redoubts must be carried tot), before assaulting tho bastions, since 
their flanks (18 yards long, and armed with 4 guns) eau give a slanting and 
reverse fire on the breaches of tho encainte. 

The caponier remains as in Vauban. 

Tho covered way is also of the same width, 10 yards. The re-entering places 
of arms are larger, and contain a redoubt, which renders the attack by vivo force 
impossible. 

This redoubt is traced by bisecting the re-entering angle of the counterscarp, 
and joining tho- flanked angles of the bastion and ravelin together; the line A B 
thus obtained gives the countcrscai'p of one face of the redoubt, tho other is drawn 
from the .salient planes of arms before the ba^itlon. The scarp is parallel, and at 
5 yanls di»tamM!. The paru|K>t of this face has a flauk of 6 yards, to give a fire on 
the breach of tlie ravelin ; in onler to mask the staircase at tJie gorge, tho ditch 
of the ravelin is enlarged by tracing the counterscarp nn the line tliat joins the 
extremity of this flank to (ho salient angle of the ravelin. 

The ditch of tlio face towards the bastion is not flimked — a great disadvimtagc. 
In Vauban's system, the besieger could establish batteries in the covered way of 
thd re-entering place of arms, and breach tho curtain through the space inter- 
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veiling U-tween tho tcnnillc and the Hanks, called Trota fU* TenaiUf^y thereby 
()hli|;in)£ the defender to give a great extent to the iiil^riur retifnchnietits uon- 
etnictod to pruloiig the resistAiice aH^r the asaaidt on the bastion. Witli this 
Irueiiig, the troui^ des tenaillcs ai-c iiiniiko<l. 

Tlio strength of the redoubts obliges the besiepfr to advance oarcfidly to the 
crowning of tho covered way of tho bastion, and compels liliu to run a fourtli 
parallel across the sio|x) of the glncis. 

The crest of tho rocnteiiiig plaee uf arms itself in de»eril>ed from tJie re-entering 
angle of tho counterscarp as a centre, with a radius of 65 yards. 

The en.'st of tlie wilicnt placo of arms is cut oflF |»er()endienlarly to the 
ra])itab to ffi'^-e a banquette of 6 yards, in ortler to obtain a <lirect fire on th" 
ajiproach. 

The glacis is also 50 yai'ds wide. 

The tmvorsos of tJio re-entering places of anns are traced, as in Vauban, 
6 yards thick; along tJie faces there are two more traverses, 3 yards thick : the 
crochets arc traced in CrcmaillSro to prevent the besieger from finding shelter in 
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them, as was tho case with the crnchets of Vauban, but they arc e^qxMod to 
enfilade. The passages aix> still 9 foct in the clear. 

To connn:u)d tlic aj)prtmches when the gi-ound presents hollows, ns well as t4i 
form travereea or |>arado8 to jirotect tho liouses or otlicr buildings in the real*, 
Cataliers, or works with a great relief, have lH>en employed, in any pait of the 
eoc«inte. They are generally constructed of earth, and so oi^auizcd as to form 
an interior retrenchment. 

When such a cavalier is to be constructed in a baation, its faces are traced 
parallel to Uio&e of tlie bastion, and M yards witJiin tliem: the ditch is 10 yards 
wide. The crests of its faces are parallel to, and at K> yards from the cordon, 
Olid on the flauks at 34 yani^ from those of the bastion. 

The Icngtli of these is iixtxi \>y tracing the base of the exterior slo|)e at 10 yards 
from the crest, and making it 28 yards long. 

To transform it into an intrenchmoiit, a Coupitre is made on tho faoo of the 
bastion at the point whore tlie brcaehes can be mode. Its L-uunterscar]) in drawn 
per|)ejidieularly lo the face uf the bastion fnm) the point wlicn; Uiey aro mot by 
tlic fai-es of tlic ra%'rlin priKlucctt 




(292). The oominands and reliefs of tlio modern system are not abiwlutelv 
fixed, every author adopting difi'erent diniL>nsioi]». 

We give here those gfuerally adopted in England, aiul refer for the discuftaiuii 
of this auliject to CliaptcfH XX. and XXIJ. 

The line A B represents the level of the ground. 
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(293). The revetments are ooontersl oping (See SM^tion IV., Chapter XX.) 
The thickness at the Uip is ranrkcd in the profiles. That at the bottom is equid 
to y of tlie height of tJie masonry. The counterforta have a length equal to the 
mean thickness of the vcalls. 

The bottom of tlie ditch of ravelin is 6 foet above that of tlio main dittdi, a 
disposition which enublcs the faro of the ba^ition to <lffcml it belter, whilst tho 
step foniifd at the retaining wall l>ctweon both ditches presentd a serious oljslacle 
to tho ciiCQty advancinju; by sap along the ravelin towards the main ditch. The 
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ditch of the rcHouht of the ravelin is 18 feet above the main one, to secure the 
ravelin from being attacked at the gorge. 

The trou of the ravelin is generally closed by a traverac constructed in tho 
ditch of tho ravelin ; it is high enough to protect the scar]) of the bastion, and 
its exterior slope forms a kind of glacis swept by tho fire of Ui© bastion. 

Its creat ia ]>araUel to the counterscarp, and 28 feci irom it 

It joins on one side the redoubt of re-onterinp place of arms, and is separated 
on the other by a passnge, so that the enemy cannot make use of the traverse to 
escalade tho ravelin; tliis passage may be covered by n small traverse in rear. 

A posteru forms, as in Vaubari, a conmiuiii cation from tho interior of the 
place tbrou<^h the curtain with the main ditch. It also pasacjs thruugh Iho tcnaille. 
Staircases ore placed at tho gorge of the redoubt of the ravelin, of the tcnaillo, of 
tlie salient and ro- entering places of arms. 

A ramp 12 yards long and 3 yards wide loads from tho ditch of the redoubt 
of the re-entering place of arms to tho covered way. 

The terreplein of the redoubt communicates with ita ditch by means of a 
postern 6 feet wide^ 

Ramps 20 yards long and 4 wide lead from the ravelin to the ditch of its 
redoubt, and a staii-ease communicates from this ditch with the terreplein of 
the ooupnre. 

Posterns tlirough llie middle of the redoubt of the ravelin lead from its terreplein 
to its ditch. 

The usual rampA are constructed along tlio ramparts, harhettea also are erected at 
tho salients of bastions, ravelins, and redoubts of ravoHns. 

Staircases load from the rampart of the enceinte to the ditch of the coupure, and 
from thenco a ramp ascends lo the face of the bastion. 

Two nunpfi also load from the rampart of the bastion to tho terreplein of 
the cavalier. 

The sally-ports of tho re-entering places of arms are of a curved outline, to 
prevent enfilade. 

As in Vauban, and all other systems, a Cnneite, or diminutive ditch In the middle 
of the main ditch, serves to drain it 

(294). Although differing but slightly from tho modem system, tho methotl of 
Coraiontaingnc may be given in a few line^, to hIiow the link that connects tho 
tracing of Vauban with that which has just been explalnutl. 

The front ^ 360 yards ; the perpendicular ■ , | or ^ ; the faces of bastion -^ . 
the flanks are perpendicular to the liaea of defence. 

If i c, c o*, c b\ represent the crests of tho {>arapet of the enceinte, Cormonlaingn© 
considered the i«irt rf r of tlie flank as useless, liecause tlie direct shots from it 
will be stopped by the opimsito shouldor angle, and he proposed to bring forward 
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The fhoes of the re-ontorinf; place of amis are inclined at 100^ to the long 
bi-anches, as in Vauban, and the capital ^ 72 yards. 

The redoubt in the; ro-ent<?ring plaL-e of arms is traced by giving 40 yards In 
the de mi-gorge, meaJ^uriHl on the coimtersc.arp, directing one face to the salient 
of the eovere<I way of bastion, and making the other faoe eqnnlly inclined on 
the cnpital. 

The interior faces have a flank of G yai'ds, made by thickening Uie parapet 
Tlic ditcb is 6 yai-ds wide. 

The traverses remain as in Vanban, with this difference, that they are only 
y feet thick, except those that close tlie i^e-entering places of arms, whicli arc 
18 feot ; the crochets are traced " en cremaill^ire." 

The commands and reliefs are such that the lino of tiro from the parai>ot of 
the enceinte to tlie foot of the glacis passes 3 feet above the palisades of tho 
covered wny. The salient of faces is kept I foot higher than the extremities, in 
order to resist ricochet ; but tho effect is so insigiiiftcant that the iinpi"ovement 
has not been adopted in tJio former system. 

I'he commands of this system are small. Cormoutaiiigiie trusted to thedilBculty 
which the hesieger would meet in ascertaining the prnlongiition of the faces, but 
he overlooked the necessity of a commanding fire on the works of the attack, 
behind which tho besieger is less exposed when the commands are less. 
Command of tlie enceinte, 18, and at salient of bastion, 19 
. „ of redonbt of ravelin, 16, and at salient, 17 
„ of ravelin, 14, and at salient, 16 
„ of redoubt in re-entering place of arms, 12 
„ of lonalllt!, 2 
„ of covered way, 8 
Depth of main ditch and ditch of ravelin, 22 
„ of ditch of reduit of ravelin, 7 
» „ of ro-enteriiig place of arms, 8 

Height of the escaqi of enceinte, 30 
„ of ravelin, 28 

„ of I'edoubt of ravelin. Id 

„ of re-entering place of amw, 14 

The communications are the same as in the modem system. 
In the profiles a b represents the level of the ground. 

PlO. fl«9. 
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ravelin, aiid conncctal with small htnches across the terrepleiii, destined to placo 
marksiiiun for subduing tho ftro ri*oin the redoubts. The sap having proceeded 
as far as the oounter-icaiT) of the coupure, tJie miners sink a shaft, pieree through 
both tlie countersearp and the nsearp, and blow down botli revetments, so that tho 
besieger can form his lodgment in tlie coupures, Despite the success of this 
Di>eration, thearminj; of the batteries against the redoubt is a long and difficult 
ta^k, and it is not to be done if tho defence is still vigoroos. It is better to breach 
tlie n^loiiht from the battories establiahed at the aalient of the covered way of the 
ravelin, whence fire is directed through an opening made right through tho whole 
thickness of tlie rampart of a face of tho ravelin, cither by artillery or by mine. 
Moat engineers, however, rcoouiniciid tlie use of the mine exclusively, more 
especially if the defence can still bring guns to bear on tho ditch of tho redoubt. 
The loilgument at the salient of tlie ravelin l>eing converted into a battery to 
counterbatter tliose guns, a zig-zag trench is carried through tho ditch of ravelin 
to permit the miner to reach the escarp, when two galleries, a great and a 
common one, are driven through tiie ravelin up to the ditch of tJie redoubt Tho 
et>mmon gallery pierces thruiigh the counterscarp, then the escarp of the re<louht, 
and a mine blowing down Uith revetments mokes a breach ; the great gallery is 
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is cvrM an round the crwt of tlie _ 

a^uMl the baitiaD are tbea uMiurniflid In gen«nl, wneq the rcvl ~" 

raTclfn u taken, the iiiftnifaiin gire op kha wkm h to of the n>ent©rini» rO*** **^ 

■nw, nnee the besMgar fin^ no difficohr in oooapgrnig them, by blowt^T*^^ ^ 

the rereHnanti and aakiqg s lodgBMnt. ^ <^own 

TSliilfi the bastnin ii beMg hnaehed* and its inks are being s£le«iGMi 
counter batterios at the salient of the rnvalia have eaotpleied a breach iothT^ ^* 
of the bastion. This hnach is appnMched hj sigHngi canicd ahM^ ^^ h*^ 
of the nrelin^ ontl that at the salienl of tha baaCion b^ a descent into the d >'^^ 
or bj a ssp striking oat of the dtteh of the ndooU of the re-enteriiig pUce 
arms into the main ditch. Both braaohas naj thus be aaanlted at th 
same time. 

When the bastion of attack is retraached. tho besa^ger, imieod of assaaltj 
the broaoh, forms a kxlgueat un it, and advaDees bjr sap right and left tu ^^ 
nonntefscarp of the rstrenehment when the mine is emplojned, as was done for q^ 
redouht of ravelin. Should there be a fiirtlier retWiirhnwl, either the cscahuL) 
or the mine aro had recourse to, or a batter;- is eowtnetod in the terrepletn of 
the bastion. 

It is admitted that under ordinary circnmstances the si<^ would last from 
23 to 25 days ; six days more must be reckoned when there is a cavalier in tho 
tion. 
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SYSTEMS OF C(EHOEN. 



(296). In IG85 Ccehom (460) published 3 systoms of Fortification for aquatic 
Kites, tlit> first of wliich lie partially appHod tu tho fortresses of Breda, Nimeguen, 
Namur, Berg-op-Zoom, ami Manheim. Hia method is called the improved Dittch 
method, in opposition to tho old method of Freytag (459). He borrowed much 
from his predecessors, Durer (441), Froytag (459), Speckles (442), &c., but his 
inventive genius cnabEud biui to suit the art tu the grouud, and his method is go 
thoroughly practical, that it is, even at the present day, admitted to be the beat 
for aquatic sites. He insisted on the following principles. All masonry, except 
the exterior scarp of the orlllon, nmst be well covered; tlic terreplelii of the 
covered way, and the liottoro of the dry ditchea must be on a level with tlie 
water, so that the besieger, unable to excavate a trench without finding water, 
and therefore to construct lodgment and obtain cover, is obliged to bring a great 
quantity of material ; tho out6anks should cover tlic flanks, and a» these con- 
stitute the chief defence, long ilaiiks should he prefen'ed to long faces ; tho 
garrison should be able tu make sorties at all times, with safe means of retreat ; 
tho outworks should be so isolated from one another, that tho capture of one of 
them may not cause the loss of tho others ; the strength of a fortress chiefly 
consists in the number of works well Hanked ; tlie enemy should lie exposed 
©Tcrywhere to cross fire ; the atlvantagos of wet and dr}' ditches should l>e com- 
bined ; tho outlay may be reduced by making the ditches of *liiferent depths, and 
lastly, each jKilygon requires a sj>ceial tracing (460). 

(297). In the first system Cfflhoni supiHiftus tliat water is to bo found at 4 feet 
below the surfare. Wo give here the outline for a front of tlie hexagon. 

The front A B is equal to 3()0 yarda; the curtain CD ^ 150 yaivls; tlio capital 
B £ of the exterior bastion is 150 yards. The lines of defence arc drawu from 
the Hanked angle B, K of tlie bastions to (he exli-ciniticB C, D of tho cm-tam. The 
length of thf faci's is* determined by descrihing arcs of cirdes fiiim the Hanked 
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The total tluckncas of tlie outer bastion, measured at tho level of the water la 
15 yards. The escarp of the inner haetion is parallel to the lines of defence and 
43 yards inwards, bo that both bastions arc separated by a dry ditch 30 yards ivide. 
The shuuldor angle L, is i'oand by producing the imier gorge of tho orillon 

8 yards to ^ , and drawing q L perpendicular to thn face. 

The main ditch is 48 yards broad, measured at the salient of tho outer bastion 
perpendicularly to tlie face, and its counterscarp is directed on the shoulder angle 
L of tho inner bastion. 

Authors do not agree in tho tracing of the flanks, they are generally too straight ; 
the following method i» nioro conformable to the plans of Coehom : on the part 
D rt of the original flank describe an arc of 60°, and 30 yards inwards descrilw :\ 
concentric arc L P. 

The outer Hank is not revetted. The curtain is connected with tlio inner flank 
by a briaure D P, part of the line of deience, and it is revetted as well as the 
bristire and this flank. 

The tenatlte is unrevotted, its flanks are traced by measuring 280 yards on tho 
line of defence from E to R, and erecting R S perpendicular to tliat line : the 
jaces aud tho broken curtain are on the lines of defence. 

The deml-gorgcs of the ravelin are 110 yards each, measured on the oountor- 
Bcarp of the main ditch ; tho faces are traced so as to form a salient angle of 70°. 
They arc not revetted, and lis m the outer bastion, tho magistral represents 
the intersection of the exterior slope with the water ; the thickness is 13 yards. 
The escarps of the inner ravelin are pnriillol to the magistral and 43 yards inwards, 
leaving boibre them a dry ditch 30 yards bruad. A harbour uf 20 yards radius 
a cut iu the gorge. 

The bastions are covered by earthen countei^nards 1 8 yai'ds tiiick, whose length 
is limited by tlie counterscarp of the ravelin. Their ditch is 28 yards broad. 

The ditch of tlie ravelin is 36 y&nh wide, tho covered way 24, the glacis 50. 
The re-entering place of arms is traced by setting 50 yanis «ach way on tho 
crests of the glacis and drawing the faces i>6q>ftndicular ti> those crests. In hxint 
of the faces and at a distance of 13 yards is a loopholed gallery sunk in tho glacis, 
litside the place of arms is a roduit formed by a loopholed wall : its dcmi-gorgeA 
= 25 yards, and its faces are parallel to those of the re-eutering place of arms. 
The covered way is sejiarated from tho place of arms by traverses 18 feet thick. 

The details of this front difter so much from those of the bastion system, that it 
is necessary to dwelt a little over tlicm. 

(298). Inner bastionji. The parapet of the faces and Hanks of the inner 
bastions has a conmiand of 22 feet; it is 20 feet tliick for the lacas, and 24 feet 
for the flunks. The escarp of the faces Ia only 10 feet, and that of tho flanks 

9 feet above ground ; so ttmt the crest of the faces and Hanks of the outer bastions, 




respectiveir with 12 and 11 feet comniand, well a>ver the masonry of the 
enceinte. The i-urtain i& also protected b^ the tenaille, its masoQT)* rising only 
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6 fuot almvo ground, whilit the parapet of tlio latter is raised 8 feet. The flanks of 
thtt teoaillrs honevor, have only a comniaiKl of 3 feet, to as not to mask the firu of 
the outer Hanks. 

Oidtr boMtion. The faces of outer bastions ore secured 6roni cnfUado by u 
bonnot 3 fuet high and 45 yards long, their terrepldn is only 5 feet wide. The 
omt of the curtain has a command of 18 foot only» so that there h ■ difl'ercnce of 
4 ftet botwcc-n the level of ite tcrreplein, and that of the fl.inks. It has tlm in- 
OOnreuieiice of inl(tmi)>tiit^ llie •'omniunication, and cx]Mniitg the higher rft[n|*art 
to the eiiumy'it projisclileM. Thi« diffemncu ia not rtt|rt'esootod in the plan. 
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The outer flank has no rampart; its banquette is only 10 feet wide, 8o that the 
Ixsief^er afttir iht' fapture of" tlie orillun, will find very little earth for his lod^ient. 
Dming tlic siege, tlie banqnetto is widened to 24 feet hy wooden constructions so 
08 to receive artillery. A conpure 7 ynr«ls wide, prevents the enemy from eaca- 
Iftding the inner enceinte from the outer flank. 

The ilry ditch Inftween tlio outer and inner enceintes being excavated to the 
water lovnl, the enemy will not l>e able to sap across it. 

A caseniated gallery, loopholed for mnsketiy and divided into compartments by 
transversal walU, lioth for tlic sake of ventilation and successive defence^ is con- 
Btnu-ted under tliu faces of tliu outer baj^tions. Some doors enable tlie dcfendorii 
of the dry ditch to retire within ; and steps erected at intervals u-stablish coni- 
munication between this dry ditch and the banquettes of tlin outer feces. Along 
the capital, Cochorn constructs a caponier opening into that gallery, its walls rise 
only l.'f foet above the bottom of the ditch ; they arc loopliolud and covered with 
timber and c:irth, and in order that the communication across the diteh may not 
he interrupted sto{>s are arranged along the gallery. The sHl of this is 4 j feet 
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l>elow the water levclj so that it miglil be flootlo»l ns swm as the defenders are 
obliged to abandon it. Tbo revetment of the fjice of the inner bastion coiutists of 
two walls witli 6 feet fbuudations croctcd on piloR, tliey form a counter-gallcry^ 
which commurilcateR with the caiMjnier. 

The oriUon or stono tower, is destined to cover the flanks and. defend the *\ry 
ditch. The parts of this building exposed to the enemy's fire, art} made very 
strong. The escarp wall, 6 leet Uiick at the level of the water and 4 feet at tlta 
cordon, is supported by counturfort'* 2 feet thick, placed 9 feet apart. These 
counterfortd are connected by ;irches and support the pwajiet jihove, and in order 
to render breaching still more difficult, and to prevent the earth from falling after 
the deetruction of the escarp, tjte piers are connected by two walls 1; feet thick. 
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convex towiuxU tlie rear. A straight wall unites the inner extremities of all the 
counterfurtH. The empty spane between these vaults is filled with dry eaa-lh and 
atones, to render a lodgment difficult and dangerous. Below tlie masonry repre- 
sented in the pIftn,thoi*c is another row of counterforts 14 feet long, also connected 
by arches and closed by a convex wall. The foundations of the escarp are 3 feot 
bolow the bottom of the main ditch, therefore 9 feet below the water level. 

Pai-t of tlie faoe of the outer bastion, 17 yarda in length, is similarly revottul, 
so that the enemy eannot come cloao to the orillon to spring a mine ; the pro- 
jection of the orillon would otherwise prevent this part of tlie face from being 
tlanketl. 

Uehind tho revetment, tlie orillon contains tliree vaults; two of llicm, the 
interior ones, nerve as magazines, the third, wh id i communicates with the ;>allery, 
contains a battery nf six guns Hanking tho dry ditch. The front wall of this 
caHDiated lialtory is rectangular in profile and 4 feet thick. It rises only U feel 
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above tiie gruund, in oi-dor iJist tlio bounet of the outer face, 15 feet Uigh, may 
cover it ; and tu prevent the enemy frotn escalarlinj; it from tlie parapet of that 
face, 12 feet high, the iTvetment is surmounted by n small wall 1 foot tliiek, 4 
feet high, which, liowever, may be destroyed from a distance. 

A staireaHe lead^t from one of the interior magazmee to the platform of tho 
orillon, which is 16 feet above ground, and has a [tarapet of 24 feet along the 
parts most exposed to tlie enemy's fire, and of 16 feet along tho part flanking the 
lU-y ditciL 

A wet ditch, 12 yards wide, and 6 feet deep, separates the tower from the dry 
dileh. 

Of the wall that extends from the orillon to tJie shoulder-angle of tho inner 
bastion, and which is 8 feet high, 1^ feet thick, the part adjoining the orillon is 
pierced witli throe embrasures for guns to flauk the dry dileh, whilst liie other part 
is pierce<i with two doorways leading eacli to a drawhrid^'o across tlie wet dik'h, one 
in &ont> the otlicr in n-'ar of a row of palisades planted 5 yards before tliu foot of 
the escarp uf tlio inner bastion. This palisading^ witli its numerous fjarriers, is 
intended to secure tlie retreat of the defenders when making sorties against the 
besieger in the dry diteh. Two guns firing through embrasures cut through the wall 
between the doorways, Hunk the piurt of the ditch that extends from tiie palisading 
to the escarp. 

Under ttia briaure of curtains there is a casematcd battery for 4 guns that sweep 
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tlii; ditch between the flanks: it is 16 yards long and 6 yards wide. Before the 
outer flank and the circular faoo of the orillon there is a wet ditcb, 12 yards wide 
and 7 feet i\vc\i, wliich serves :is a harbour tor boats. 

The communication lietween tlie various parts of the enceinte and the place is 
established by means of posterns, wnder the hrisnre of etirt;iin, which lead to the 
caseinalcil bnttcry and thence by a door to the dry ditch between the Hanks. Tho 
phitforui of the orillnu is ascended from tiie ditch by u ladfler, its interior hy a 
door o|>nning into the vaulted battery. This battery also comninnicAtes with tho 
looplioh-d palleiy, the gallery with the caponier in capital, and the caponier with 
the gallery behind the escirp of the inni^r bastion. A postorn under the curtaiu 
leads to the tcnaille. The com muni e;it ion wilJi all the outworks is l>y boats j they 
pass under an arched cutting adjuiuini; the orillon. 

(299). The counterjuartl is de?tinod to prevent the conntor-hattcries from injuring 
the three flanks : the enemy mnst take it and breach it before he can fire through it 
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It is defondod exclusively by mtisketry, and its terre|ilcin 5 feet wide, offers no 
it}om for a lodgment. Its command is 12 feet. 

Rarelin. The dispositions in detail are similar to those of the bastions. Tho 
crest of the inner ravelin is 18 feet, and its escarp 10 feet above groimd, so that 
its masonry is well covered by tho outer faces whose parapet has a comuiand of 
12 feet. These faces are too narrow to oH'er a\ailablo tipace to tho enemy. A 
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bonnet 3 feet high and 43 yards long at the sidicnt, protects the rest of the faces 
from t-nfilado. For 40 yards from iJio main dituh the creBt is raised 2 feet, to give 
Hufllicient height to tlie gallery* of communication which, wo shall see, is constructed 
under that oxircnuh^. 

The terrefJein is supported by a counterscarjj wall and is n':i(!hed by means of 
stnini. In the inner ravolin tj»e t«rrei)loin is mode wide enough for artillery at 
the salient niid for 40 ^-arrU along each face. 
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The dry ditch is flanked by a caponier erected 12 yards from the main ditch; 
it consists of two walls 8 feet apart, 1 J feet thick, and 7^^ feet high, covered over 
with planks and IJ- feet of earth. The wall flanking the ditch is loopholed for 
musketry. A banquette with two steps in rear enables the defenders to Hre over 
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it as over a common parapet Two small doors, one at ench end, give access to 
the caponier firom the ditch behind it. In front is a wcLditch 12 yards wide and 
5 feet deep, which is flanked by a loopholod gallery mider the tcrroplcin of tlio 
lower raveliiu A postern leatls from tlie inner ravelin to the ditch in rear of lite 
caponier, and from this ditch to tliat in front the cummnnication u maintained in 
three different waj-s, — through the caiK>nier, over a drawbridge placed close to the 
cacaqi of the inner ravelin, or by mounting on the caponier itseJf, hence ascendmg 
the Icrrepleia of the lower ravelin, tlie Btaips of which lead to the dry ditch, or 
by means of the loopholed gallery under the extremity of the face of the lower 
ravelin, two doors of which open in rear of the caponier, and two doors in front of 
the wet ditch. 

T 2 
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The drawbridge la protected hy a [valisading planted 6 yards from the eacarp 
and deatined, as in the biwtion, to secure the retreat of the sorties made in the 
dry ditoh. A caponier in capitnl, similar to (hat of the enceinte, and reached by a 
postern imdi.T the salient of ravelin, leuds to a counterscarp gjdleiy constructed under 
the salient of (ho outer ravelin. This ^a]ler\', Innpholed for muHketry, server as a 
guardhouse to fire into the dry diteli. The interior of the ravelin is excnvatc<t to 
williin 6 inches of the water, and to protect the retreat of the garrison, a pentagonal 
redoubt of masonry, of about 8 yarils faces, is erected at tlie landing place. It 
consists of walla 1^ fe<it thick, loopholed and covered with Warns, and 3 feet of 
earth : on this roof, to which a staircase gives access, infantry is ptacod to defend 



¥jg. SfiS. 



J 



t 



XtdmM i^rmwwtm 



the interior of tlie ravelin with u second tier of musketry fire. The men are pro- 
tected by a parnpGt wall 1 foot thick and 4^ feet high. As the total height of 
masonry above water is only 14 feet it is covered by the ravelin. A double row 
(rf* palisades, planted as in the diagram, facilitates tlie retreat and prevents the 
besi^er from entering the redoubt with the dofondcrs. The men retire beliind 
the first row, tlnm behind the sccoud, and enter llie redoubt by a door in the 
flank. 

(300). The covered vay is 24 yards wide, hnt the enemy cannot construct any 
tMver on it bocanse it is on a level with the water at lU gorge, and it rises only 1 foot 
at tlie foot of the baoquottii. 

The crcfti of tlie glacis is 7; feet above the tcrreplein, arid the walls of its 
rednitd have tlm some height The rcduit haa no roof, and is entered by a door 
placed at tlin re-entering angle: it Hanks the plaoe of arms, and its walla 1 *, feet 
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thick arc corercd from the batteries at the saliont by traverses 18 foot thick and 
7 feet high. 

The gallery \t> 8 feet wide and 6 .; feet high insirle ; it« floor is 4 feet below the 
surface of tlio placis, so that the loopholes give a sweeping fire along its surface. 
It is covered with timber aiid earth, and is entered by two similar galleries fi yards 
from the extremities of the faces of the re-entering place of arms. 
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The covered way has a double banquette throughout, with a row of fixed 
palisades planted on tJie upj^er banquette: the row along thu faces of the re* 
entering place of armn is continued to the ditch, aiul pierced with barriers for 
conunuiiication. A second row protects tlie traverses and the reduit: it is of a 
peculiar constmction, the patiKatles, which ore at 3 feet in front, being inclined, 
and raised or lowered at plcasuit'. Strong |xwls are planted at intervals, and 
have collars to receive tJie pivota of Uie horizontal axtis to whirh the palisadca are 
attached. Iron bolts admit of their being fixed at any Inclination. 

(301). Such is the first s^^tem of Coehom, the properties of which we shall 
now pass in review. The reputation of Coebom, as an engineer, is not so much 
due to thu syeteina lie j)ru|iOHO(l as to the application be made of tlie princic 
they involved. Instead of clinging to an invariable tracing, he proclaimed 
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obstacle to the passage of the ditch : they leave between tbeir extremities and 
llie ravelin a dangerous upeiiing. Tboy were intended to cover the Hunks, but 
tlioy arc so nan-ow that an o[)ening may be out through, and the three flanks 
become thereby exposed to the counte]>batteries established at the salient of the 
covered way. 

The walb of cajioniofs, galleries, &c, are too weak, and arc liablo to be 
destroyed before the time when they are wanted for the defence. The com- 
ninnicationR with the outworks are dillioult : the access to the orillon would be 
very precarious should tho wall that connects it with tho inner bastion be destroyed. 
The caponiers in capital are liable to be flooded, siucc they arc below the water 
level. 

The corrections wliich havo been recommended are: to place the orillon at the 
shoolder anglo of the inner bastion ; to increase tbo salicncy of the ravelin, 
giving 60 to its anglo; to close tlie opening of the counterguards, by producing 
them as fjir as the gorge of the ravelin ; to construct a strong reduit in the 
re-entering place of arms; to give bomb-proof vault* to the galleries, cajx>niers, 
&c, and to raise their floor above tho water level. 

(302). Second System. — The second and third systems of Co^hom have not 
been applied^ and it would be ditficult to do ho sin** tlin fortifications require five 
times as much groimd as the uiwn itself, and this would scarcely bo largo enough 
to lodge the garrison and its magazines. 

In tho second method, which he proposes for an heptagon, for a site where water 
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is to be found at 3 (vat, the innor bastion han two fliinks ooverecl hy a small 
orillon. Tlie tenaiile with flnnks paralU^l to tUese is preceded by a smaU nret 
ditch. A dryditcii witii low faeos and galleries surrounds the whole front. The 
ravelin is coiiuectfd with these laces, and has u goltury likewise: it^ roduit is a 
caaemated rcdonbt, covcreil with a platform of oartb. Outride the wet ditch is a 
continuous rnceinte, dividend into several parts by means of traverses: it has 
reduits of masonry at the salient nnd re-entering angles. The rediiit* of the 
re-entering angles nix- eonnooted with the redans and their curved flunk* beibro 
tliem, whieh are provided with a gallei7. 

A wet diteh ami a covered way, similar to those of the first fivstem, precede 
the whole. The protilcs are tlie same as in the first system, except tJwtof the inner 
bastion^ whose command is greater by 6 fret. 

Most of the defects of the tirst system 01*6 remedied: tlte commwiication with 
tlie ravelin \n se<Mirc; llie o|ieiiing of mvelin is closed; and the orillon does not 
previ*nt the triple flank from defending the dry ditch. 

(303). In the thiitl method, propo«od for an octagon, and a site where water 
is found at 5 feet, ihc enceinte ta formed of liastions with simple flanks and simple 
faces, and is surrounded by a wet dileh. The place of the ravelin is occupied by 
a detached bastion consti-ucte^l exaetly like a bastion of the first system, 
Onlinary ravelins are }>laced on the capitals of the bobtJons of the enceinte, and 
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OMUllSjguards on the salient of the detached bastions. The covered way remains 
the same. The profiles oi-e also the same as in the 6rst system, except that of the 
bastion of the ciicuintt;, whose cutumAiid is greater by 4 foot. 

Here the dot'cota rc-appear: the oriUon prevents the enceinte from defending 
the dry ditch of the detached bastion, bnl, what is far worse than before, the 
enemy can, from the glacis of the re-entering place of arms, breach the 
enceinte. 

(304). Attack. — We have already seen that the attack on Coohom's first 
system, must be made on two bastions and ono ravelin, and in order that every 
part of the front may be taken at reverse and enfilade, the besieger will Iiavo to 
crown fivo salients besides the four re-entering places of arms. 

The first parallel is Lractxl a» usual at 600 yards, and embraces the collateral 
ravelins so as to ricochet the faces that command tlie attack. The nmnbor 
of ricochet batteries is ncocssarily groat, not less that 44, implying a minimum 
train of 78 pieces distribntetl as follows : a haltery of 3 gnns against each of the 
four faces of the two inner bastions ; one of 2 guus ogaiiiat tlie sis faces of tlie 
inner ravelins ; one of 1 gun against each of the four faces of tlie lower bastions, 
the six faces of the lower ravelins, .and the four faces of countorguards; abattery 
of 2 howitzers against the ten branches of the covered way; a battery of 2 howitzers 
or mortars, against each of iho dry ditches of ravelins imd bastions. 

As the approaches are not exposed to more artillery or musketry fire than In 
Vauban^s system, the progress of the attack will be tlio same as far as tho crowning 
of the glacis, wltli tins difference, tliat ihcix; will be fivo trench cavaliers which 
will be connected by a fourth parallel, ;md that, owuig to tlie im|x>ssibility of the 
defenders mounting guns on the comiterguardh, the crowning will be loss difficult. 
The defenders, it is true, may place some artillery in the dr}' ditches, espociallv 
near the salients, to fii*e on the crowning over the low faces, but thoy cannot pre- 
vent the beaiegtn* from arriving on the 13th night nt the salients of tlie covere<l 
way. On that night, he will debouch from the inner extremities of tho trench 
cavaliers, and hngin tho crowning. Next day he oontlnnes the operation, and 
constructs the batteries 1, 1 and 2 2 at the three salients. They aix) intended to 
destroy tho traverses, and the walls of tlie reduits of re-onteriiig places of amu, 
and to fire aflerwardson tlie faces of ravelins and bastions; they will lie ready un 
tho Idth. 

The crowning continues in tlie meanwhile, and on the 16th the reentering 
places of arms being crowned and connected by double saps witli the 4th parallel, 
the operation Is completcil. 

From tho 15th Ut the 18th, tlic l)esieger completes and opens his several 
batteries, which mnst chiefly consist of mortars and howitzers. B<«lde8 the 
batteries 1,1, 2,2 already in operation, the former nttempting to destroy the 
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the salient of apper ravelin ; 6, 6 to fire on tho flanks of' the front of attack wheu 
an opening has been made through the countnr^ards, and destroy tho casemafce 
of the orillon ; 7, 7 to cnt through tlio faces of the lower bastions, destroy tho 
draw-bridges and walls of the dry ditches, enfilade tho flanks of the tcuallle, 
destroy the casemates under the hrisure, and finally to breach that brisure ; 6, 8 to 
rieocliot the faces of upper bastions after tlto destruction of tlio lower faces, take 
the upper flanks at reverse; and destroy the cascmated battery of the orillon; 
10, 10 tu take the upper flanks at reversOj and destroy the traverses whiuli tlie 
gnrriaon will throw up to cover tliem. 

Ou the 17th, four descents into the covered way have been effec^ted; the 
Iwsiegers debouch from the extremities of tlie re-enterinf; places of arms behind the 
traverses, and are either bUnded or covered by e|>aulments of gabions, fascines and 
earth. The passages of the ditch of tho ravelin and of the counLcrguanls also 
begin. 

Ou the 18th, the passages are )?ompleted, the besieger occupies the faces of the 
lower ravulin, orecLs ati epauliueut across its dry ditch to the salient of inner 
ravelin, and by zig-zags cut ui the parapet of tlie lower faces, arrives up|M>site the 
breaches made at the extremities of tlie upp«r faces; the counterguards are 
. occupied at tho same time, and similar zig-zags lead to the points where the 
passages of the main ditch are to be made. 

On the 19th, tlie Inner ravelin is taken, and the batteries continue ttieir fire to 
facilitate the construction of the passages. 

On tho 2Ut, the passages reach tho faces of the lovivr bastions, and as the 
enceinte is breached on the faces and fliuiks of ha^^tions and at tlie brisure of tlie 
curtain, the asKault may be given on the 22nd. 

In this attack, it has been admitted that the eartliem para|iebi may be destroyed 
by shells filled with jKiwder. Rousmard and even Cormoiitaiiigiie were of opinion 
that, in two or throo days a breach cunid thus be made through a face \8 yards thtek. 
The projectiles in destroying at the same time the galleries, caponiers, and tho 
casemate of orillon, ruin tJie defence of the dry ditch, and the dispute on which 
Ccehi>m strongly relied to protract the siege. lie contested tlie possibility of 
catting with artillery an opening through the lower faces On that hypothesis it 
is clear that tho attack would proceed much more slowly, since it would become 
oeoesBary to occupy these fiices, and establish breaelung batteries on tiicm, or cut 
an opening with the mine. Tho counter-mines prepared in the i-avelin and bas- 
Ciom, would tlien delay the besieger on these faces, and tho siege might last 36 or 
40 days, but the iuiprovcments in artillery leave no doubt now as to the possibility 
of cutting an opening Uirough those tliin faces with live shells. 
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CHAPTER XX. 

PERMANENT FRONT. 

SECTION I.— TiiAciito OF F0BTHB8M8. 

(305). Great importance has hittierto been attaclied to Uie construction of 
r<^i:ular fortiTesses. Vauhan himself, whenever he could do so, adopted a regular 
poljrgou for Uiebase of his tracing, and sucii places were called " royafes." The 
perfect equality between evei;)- &unt> far from being advantugeou», Js a serious in- 
convenience. Grery bastion is in fact equally liable to attack, and if any addition, 
snclia« retrenchment, counterguard, Sec, be in;ule to one &ont, the some outlay 
must be made tor all of Uieni, otherwise the enemy will attack those fronts the 
strength of which has not been increased. The only advantage of a regnlar 
tracing is to enclose a greater interior space by a given number of sides. 
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If we now consider a place in which several fronts are traced on the same 
straight line, we readily perceive that the angles of the polygon are only expose d 
to attack, since, the prolongation of the faces of the intermediary bastions falling 
on the ravelins, the enemy cannot enfilade lliem. ThcHe bastions Iteconie still 
less exi>o»ed when they are placed in a more and more re-entering position by 
the addition of works before the exposed angles ; and even sup^Msing the enemy 
attacked them, he would not Hnd room at tlie salient of the covered way to 
astablidi his bntteries. 

This property of fronts in straight lines seems to havo been overlooked by 
ancient engineers, and although one of them, Fabro, proposed in 1629 to 
coQStroot fnrtreuM on squares, the sides of which should bo divided into several 
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fronts, thereby offering only four bastions of attack, yet it is only Cormontaingue 
who snccecdod in drawing attention to this subject He rccomuicuds the construo- 
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tion of fortresses on a triangle, somewhat of thiB form, the sniall angle of which 
is tinnicotod nnd replaced by n citadel. 

In tliis manner the enemy will have only two bastions to choose between fur 
attack, ami the outworka, with the excepUon of tbe covered way and the glacis, 
may be dispensed with on the fronts iiccupying the straight lines. 

This method, however, implies a place of great extent, and cannot be invariably 
adopted, especially as tlic shape of tbo town grcatJy influences that uf the 
fortiGcntions, but it is a standard at which we should aim. It is impossible with 
fewer than nine fronts, excellent with from twelve to twenty-four, and jicrfoct when 
one, two, ur even the three salients can he protected by serious obstacles, such as 
inundation s. 

The presence of rivers has also a great inlluence over the general ontline. If 
tJic town is traversed by a large rtver, it is advantageous to rest two salients on 
it. The enemy will thi?n find a diflieulty in developing his attacks on them, 
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inasmuch as ho must occupy both skies ; the other fronts being traced on oblique 
lines, tliere would be but two bastions uf attack situatetl on aline porpcndicuJarLD 
the river. This disposition is certainly preferable to that in which the river 
intersects ii straight line of the perimeter, since the latter can only protoct a&pace 
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equal to its own wtdtli, and requires iiartieuLu* dispositions of dotAil, as liigli 
quays of masonry acting zn flanks, and parapet brides acting as curtains, 
together with strong iron gates to close the arches, Ac. 

Small rivers arc moro precious to the defence, aa capable of producing inunda- 
tionii uu wliich to rest several fronts. 

The triangular form is particularly applicable to Uiose towus situatc<l at the 
confluence of two rivers. 
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Lastly, when the place is all on one aide of the water, the greatest possible 
number of fronts is traoed along it, and the rest of the iierimefer is bent into a 
convex outline. 



SECTION II.— TEAcmo of a Fbont. 

(306). When a place is to be conslruclcd, the fii'st thing to delenniue is the 
polygon to Ix) fortified. It is an extenor polyijon when it surrounds the fortifi- 
cations of the oooointe, and an interior polj/gon when it surrounds the town 
within the fortifications. The place is said to be fortified inwards or outwards, 
accurdingly as the outline of each front is traced on tho side of the exterior or 
intt'rinr [Hjlygon. 

Some anniont engineers recommend fortifying outwards, because the interior 
side really limits the fortified space, and is rendered compulsory by the form of 
tlio toNvn ; but Vauban, and with him modem engineers agree, prefers tho exterior 
aide, becau.<w) Ixistions being the chief parts of the defence, tJieir salients must 
be advintageoualy placed on the grmmd, and besides, as they must be flanked 
within easy range, it w necessary that their position be settled before fbcing that 
of ilie flanks. Both princijilcs arc correct ; and it is only by duo attention paid 
to tho exterior as well as to tho interior side, and therefore only after a few 
preliminary essays, that the engineer will liit upon a good outline. 

(307). Since tlie various fronts of fortiflcuiion have not the same length, it 
follows that the formula laid down for tlieir tracing cannot be always applietl. 
With a fn>nt of 360 yards the formula giving corres|)ouding curtains, flanks, &c. 
suffitMuntly iiupplios tim nucctwitiea of defence : but when t\w front is letts, lite 
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cnrfain becomes tooem»ll, and as this reduction ts not based npon principles of 
defence, the usnal relief cannot permit tiie flanks to defend the ditch in iront of 
that curtain. Besides, it may be tmpossiljlo to trace a front ]>erfoctIj" s^iiimetrical. 
It is therefore necessary to record the principles on which each part of a front 
shouli) be ccmatructed. 

(308). The relief \i the first consideration. It is now admitted that to prevent 
escalade a scarp wall should be at least 30 feet high, of which 8 feot may bo 
above the ground, !<inco the glacis covering the masmiry hfis usually that command. 
The crest of tlie paraiK-t can barely have a command loss than 16 feot, 3 foet for 
the dip of the superior slope, 5 feot for the exterior slope, and 8 feet for Uie part 
of the escarp above the level of the ground. 

Slioutd any outwork e.xibt lictwccn the cnccinto and the glacis, a far greater 
command must bo given to the onceinto, 20 feet, 24 feet, or more. A small 
command has tlie serious inconvenience of giving small remblais, wliich it becomes 
diflicult to oquilibriate with the deblius. 

(30&). The greater the relief, tho stronger the profile, but the greater also 
the dead angles ; and altliuugh the dituh may be raised before the cnrtaui, 
and deopene<l before tlie bastions, it is not always practicable. The flanks, as 
we have said (94, 275), must aff'ord a view of the ditch before the middle of the 
oartnin, and as tlieir superior slopes are at ,^, tho distance between their crests is 
twice 36 X 6, or 456 feeL As, however, it is quite sufficient to see 2 feetabovo 
the bottom, the distance may be taken at 420 feet, which deduction made on 
the two parapets, with their slopes 24 feet each, leaves 372 feet, or 120 yards, 
in round numlxirs, fur tho minimum of the curiain. The maximum should nut 
exceed the range of tlie new musket: but the cases in whicli such a curtain would 
be roquii*ed are escee4lingly rare, and it is usual to kee[) nearer to the minimum. 

(310). As for tbo^-an<b, they must defend the salientof the bastions: the old 
engineers had Exed tlic maximum of the lines of defence at 250 yards, and aa 
the old musket could scarcely carry that distance, special weapons, called wall- 
pieces, were necessary. They may now be dispensed witli, and tho linos of 
defence increased to 300 yards. Some engineers say 500 yards or more; but 
can a soldier see a man in tlic trendies at that distance? 

The direction of the flanks jterpendicular to the lines of defence is not so good 
as that given by Vauban, because tho angle of tho flank is too open to pormit tlie 
defence of tho foot of the curtain ; therefore tiie French eugineere now trace the 
Ilankj*, forming on angle of 99° 30*, with the curtain ; a construction very nearly 
coinciding with that of Vauban. 

The space at di8|)usal and reasons of economy may limit their length. WTien 
destined to flank bastions nut cx[)uscd to atlairk, they may answer thcjr purpose 
with two guns, and their length may l>e rethiced to 15 yards, more especially when 
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they cannot command a view of the ground the enemy can occupy. Such 
seldom occur, and as the flanka are the most e&aential part of a front, there ia 
advantage in making them ionj^; but 50 or 40 yards, dimensions ndopted by 
Vauban and Cormontaingnc> arc quite sufficient, since thoy outbalance the spaoo 
the enemy can dispose of at the salient of the covered way. 

(311). The /ocH of tJie baationa should be traced on Uie lines joining the 
extremities of the flankn to those of the curt;un ; in this direction the flanks are 
said to be ** rasaiit," whilst they are " fichaot," when they are met by the faoea 
produced. It is clear that " fichant danks" are faulty, the part left between the 
face produced and the curtain being useless. When tlie faces are tichaut on the 
curtain, tliey are bt:ttei' defended, because tlie Hanks can roadily (liscovi^r the 
broach, which can even l>e seen at reverse, and tlie curtain itself miiy, with oblique 
embraanres, contribute to tlieir defence; but they become less inclined upon tlie 
front, and may the more easily l>o enfiladed by the enemy. 

The length of tlio faces necessarily depends upon that of the curtain and of 
the line of defenoe, a small curtain pcrmittinjj the («nstniction of lar^^ l»8stions 
well fitted to receive interior retrenchments. When the front is not exposed to 
attack, there is some advantage in having a long curtain and short faces, the 
former being always less liable to enfilade. 

(312). The consideration of the Hanked, and of the din)ini;!>hed angle, may 
further induce tlie engineer to modify the tracing. As a rule, no jlanked angU 
should he less tian 60°. As for the ditninished^ Vauban and Cormontaingne's 
constnietions uanally make it equal to 18-;°. This limit fihonld be maintainod, 
because iiie field of a gun tiring through an ombi-aaure bcmg very nearly the 
same, 20° at the utmost, the first gun nf the Hank can soo tJic escar]) both of the 
oartain and the opixnile bastion ; and a greater opening, besides being unnecessary 
to the defence, gives a greater depth to the fortilication and increases the aniomit 
of maaonry. 

(313). All the preceding oonsideratrons must be weighed Iwfore definitively 
adopting ft tracing, and several essays will be fonml noce-isary before harmony can 
be established between earh piu-t. The ground may varj', symmetry may not be 
j)08aible, (Jie relief, or the length of curtain or other part, may bo fixed, a priori^ 
and the irntingon condition, as it is teiTned, becomes a problem which a knowledge 
of Euclid and of tlie foregoing principles will render easy. 

To illustrate how the dimensions of fronts may bo obtained from conditioDS, let 
us construct a front such that the escarp of the curtain may be seen from tlie 
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flanks within 3 feot of its foot, taking the relief of one Bank equal to 40 foot, of 
the other to 34 feet, the wall of the escarp bviiig 30 feot liigli, and the lines of 
defence 280 yards long. 

Take A U for Uie Ixittom of the ditch in fi-ontof curtain, and draw a line parallel 
to it, and 3 feet above. On this line take any point C, and tlirough it draw two 
lines inclined at i to D and E, respectively 40 and 34 feet above Ali. Finish the 
constmction of the parapets, and F G will bo the lengUi of the curtain. 
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-9-K 



Now, lake/j as tlie length in yards, and draw .; M,/N inclinorl on/j at | for 
■on hexiif^nn or higher polygon (J for a square,^' for a pentagon), and taking 
g M =/N = 280 yards, the front required will I* M N. 



SFX3TI0N in.— Interior Works. 

(314). Camliera are works of great command constructed on ilie terropleins of 
bastions or curtains. 

Fia. fig4. 
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These works should not be comruandeil by the |)araput of the enceinte; thero- 
foro they ftr« only erected in full bastions, tbe parapet of which Uicy command 
by from 2 to 4 yards. They ire^ intended to overlook hollows which an onlinary 
command cannot bring to the view of the defenders; to cover the flanks from 
reverse and the curtain from enfilade fire; to prevent the besieger from making 
a lodgment in tlic breaches, and to further extend the action of the fortress, even 
from the very beginning uf the siege. But they have the very serious incou- 
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veuienco of couUning the s|xice on which the gturison bos to defend the breaches 
to such a narrow strip that au active defence is no longer jHMtsible : their cn^at 
command is not favourable for the d«fenro of the brear.bos which are so near* 
and tliey occasion great outlny. We have seen one of tbom organized as an 
interior retrcnclimeui iu iJie modem system, and to the defects enumerated above 
we may add that it has dead angles in its diteli, and that tlie communications with 
the bastion are precarious. 

Cavaliers are therefore recommended merely to command hollows, which the 
bosieger migitt turn to advantage ; if possible, they should be erected in the 
bastionfl collateral to the ono attacked, and leave at least 12 yards terreplein clear 
before them. Their faces and flanks should not be juirallel to those of the boiitinn, 
to avoid enfilade by the same batteries. When their 3car|>8 are revetted they 
should bo constj-uctod still more in the rear, because splinters may seriously 
inconvenience tlie defenders of the bastion. 

(3 1 5). Cavaliers have occasionally Ihwh erected on the curtains witli a command 
of from 2 to 4 yards over the parapet of the enceinte. They form an excellent 
position for heavy guns, with which much damage can he done to the works of the 



\ 



beeiegcr, whilst they remain almo<it safe a/^ainst enfilade. They are also extremely 
useful fur the establislnnent uf casemates^ and by tlie addition of ijmall fianks tliev 
may contribute to the defence of tlie breaches more efticioritiv than bastion 
Qftvaliers. It is usual to revet theni^ and io trace their uscarji 15 yarils in rear of 
the creit of the curtain ; a thickness of 22 yards is auffinient. They are not fire- 
quenlly cxtn^lrueted because thoy hinder the communications, yet ihcy may be 
wen in some places covering gates or posterns. 

(3»6). Interwr relrenclttneuts are destined to give a garrison the means of 
viffnronaly defending the breaches without exposing the plawj to bo carried by 
•t«rm. When the fortress presenbi |mints of attack strongly charactcrist.'d, these 
work* may be permmiently organixed ; but as in general tlio defenders cannot know 
pmviously which front will be attacked, it is osual to defer thtir couBtrucUou 
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till aftal^nM^ haa begun. Many Cracicigs have been employed, but the chief 
are the tenaille^ the bastion, and tlie straight line. 

They may rest on the faces, or the flanks, or occupy the gorge of the luistion. 
Those resting on the faces may be turned by the breaches which the besieger may 
make at the Bhouldor-angle ; those resting on the fiuuks may also be t^irncd by 
the breach made in the cnrtalu through the opening of tlie tenaille; and as for 
thosp constrnctetl on the gorge, they cannot be turned easily, yet as the flanks can 
no longer defend the collateral bastions the besieger may easily take them by 
escalade or mining, and the rcti-cnchmcnt becomes useless. 

The tenaille tracing is preferred for narrow bastions : the ditch has uo direct 

Pio. 5H. 



defence, but as tliere is plenty of room in front for tlie active defence of the 
breach, it advantageously replaces the cavaJier retrenchment. \\Tien the bastion 
is wide, the bastion tracing is ljetter,as giving a greater development of fire on the 
breach, and as flanking ita own ditck It is to he found in some of the forts 
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constmcted at L}t)n8. When such retrenchment is constmcted at the gorge, or 
rests on the curtains on the rear of the tenaiUes, it becomes an excellent work, 
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capable of a good resistance, and Ii:ia the only i neon von iencn of being expoftra) by 
the fall of the collateral bastions left without defence. 

Sometimes the retninchmontA are made in the same bnetion. 



Vwt. 598. 



A more Biinple nntlinc is that of a straight jtarapet along the gnrgc. It Icavefl 
i^om in front for Ijie defence of the breacheA^ and does not, encroach on tJie in- 
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terior of tlie place ; it is Cirtlier from the breaches, and tlierefore defends ihem 
better, and tlio two lateral bnstions may \tc made to coiitnlmle to ita defence, hy 
merely lowering tJie parajwt of their flanks when tlie besieger prt-panis for the 
assault On the other hand, it iliminUhes by half the length of the flanks; but 
this is not very aoriouii, since tlie flanks of the bustion of attack have only to pro- 
tect tlto cullRteral bastionii agatnnt escalade, and the iiiL-onvenicnce may be obvlutod 
by inlermpting the ditch and parajMt close to the Hiuiks :tnd iv>mpletiiig Uicm at a 
later period of the Bit^e, On account of its ttimplicity and of the little outlay it 
necessitates, this rctrcnohment at the gorge is advocated by many cnginifrs. 

Whatever form be adopted, the parniwt should have a command over the 
bftstion: tlie ditcli should be at least 10 yardu wide, tlte eseorp U or 7 yards 



high, oud the counterscarp not less tlian 5 yards. Instead of constnicUng posterns 
and ramps, it is better to cut a passage throngh thu [urapet and to cover it by 
redans of stoeltadcs and traverses. 

(317). CiticinaUd retrenchments bavo been propose*! by Camot (412), to re- 
place the various djspositione which wo have just ouuraerated. They consist of a 
wall 36 feet high and 9 feet thick, erected at tltc gorge of tbo bastions, and pro- 
vidtid with two rows of loopholes, the nppcr for muakotry, the lower for small 
mortars of a peculiar deseiiption. Behind this wall is a ditch 20 feet wide, and 
on the rear of it stands a eascmatod battery formed of a sorios of open arches, 
having tlieir a^tes parallel to the capital and containing two mortars each. Their 
platforms are on a level with tlie place in order to facilitate the communication, 

FiQ. 600. 




and 12 feet ahove the bottom of the ditch, in order to protect the gunners from 
the splinters of the shells that may fall between the batter}* and the wall. In 
front of the wall, a dit«h 12 feet deep, rises by a gentle slope to tlic level of 
tJie tcrreplein of Uiu bastion, to pcnnit the garrison to make " offensive retiinis."* 
In rear of these batteries, Caruot proposes a panipet witliout revetment and also 
without flank defence, but it is evidently useless, since tlie besieger, once roaster of 
the wall, finds no obstacle in spreading along that parai>et and scaling it Most 
modem engineers tliercfore abandon this parapet^ and those who ptaco reliance 
on the vertical fire of Uic small mortars, who believe it {K>saiblc that the arches 
can resist tlie concussion of a continual fire and the fall of sliells as welt, and who 
trust tliat the men at the loopholes will not be seriously inconvenienced by the 
proximity of tho battery, (and they are exceedingly few in France who do so,) 
recommend this sort of retrenchment. General Dufour, among others, recom- 
mends tlic followmg improvement. 





*' ahot trap " for itio projectiles of the enemy, it is easily eDfiladed and eveti 
plun/^d, and aa it divides the wliole relief iiito two storioB, it facilitates the escalade. 
The ai-tillcry docs not sufficiently command the ghicis, and if its relief be increased, 
that of the inner enceinte must also bo augmented, and it becomca too great 
Vauban set it aside and replaced it by the tenaille. 

(319). Another disposition of the enceinte generally found in ancient fortressM, 
and likewise abandoned by Vauban, is the chetnin des rondes. It is a sort of passage 
or berm at the top of oscarp before tiie foot of the exterior slope, protected by 
a small wall funuing a para|)ct, and used by tlie officers as a {Hith to go tboir 
rounds wJtliout crossing the ditch. This chemin des rondes enables the delBnders 
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to see the foot of the escarps at cIoho rangB, to repel the enemy wlio has suocecded 
in placing Ills scaling ladders, and to give a double amount of muskcti'y fire on 
the ditch and tlic outworks. On tlie other band, if it lias a sufKcicnt cuininand 
t-o give a sight of tlie glacis^ its [wrapet is exposed to artillery and is soon destroyed, 
whikt if it is kept low, so as to fire only Into tlie ditch and tlic covered way, it is 
exposed to enfilade all along the faces of the bastions. Its narrowness prevents 
the garrison from mustering in force to repulse the escalade, iinii when the breach 
18 made .ind the assault given, tlic enemy spreading all along it, turns the interior 
defences. Modern engineers have abandoned it, but its good properties may be 
restored by merely tracing it boforcthe curtain and the flanks in the following manner. 
Tho ciicointc being traced, and the crests of the parapet fixed, the magistral of 
tlie L-urtain and of tlie flanks is brought ton yards forwaixls, and that of the faces 
of tho bastions is produced, till it moots this new flank. Between tlie new magis- 
tral and the exterior slope, a chemin des rondes with a banquette is organized, the 
terreplcln of which is kept 6 fe-nt below the cordon, and communicates witli tho 
rampart by a jMissage at the extremity of each flank. Such construction rodnccs 
the outlay of masonry, since tlio m&gistral is shorter, and the thickness of the 
escarps may lie reduced on account uf the [iai'U{Xils being uioiv distant. The 
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enfilade is no longer apprehended, inasmuch as the eacarp of each face at the 
shniildcr an^de i« caiiablo of l>eing easily transformed into a traverse Tho crost 
of tlio parapet, it Is true, should have a sufBciout cuminand over the magistral not 
to inconveuienoe tlie dofendera in front, and this may necessitate too great a relief, 
but it may be obviated by lowen'nj; the ditch and the magistral of the ctirtain 
A&d flanks, and maintaining the former command of the crests. 

(320). Escarp revdmentt. — Some places are fonnd, tho enceinte of which 
differs from that of an oi-diiiary field fort oidy by its greater relief. It is economy 
alone which thus induces a garriHon to disjienae with a revetted scarp, for the 
palisades and fraisea destined to prevent the escalade, are soon destroyed by tho 
first ricochet batteries of tho enemy, and the place is then exposed to attacks of 
" vivc force." Such a disj)osilion should only be resorted to when the ditches can 
l)C (illed witli water, as will he explained hereafter. 

The revetment of t]ie scaqi must be sufficiently strong to bear the pressure 
of the parapet above, and to present some resistance to the fire of distant 
artillery. It would be mere waste to give it an extra thicknesB, as often recom- 
mended, to resist breaching, because tho breach is always ready before the 
descents into tho ditch are conaplete'i. and the increase of outlay entailed by that 
extra thickness, is attended only with the trifling result of obliging the enemy to 
fire a few more rounds. 

(321). Two sorts of revetments arc employed, solid sad tounUr-arched. The 
former is callwl a full revetment when the wall is carric<l up to the sujierior slope 
of the imrajiet, and a denu revetment when It is raised up to the level of the ground 
only. 



Tlw full rovotment is exposed to artillerj- from a distance, and the breach will 
bring down the whole parapet,* whilst tht^ demi-revetini-nt is not so ex{>oscd, and 
ilie breach will only bring down part, of the parapet, advantagos which have 
induced Cormontaingno and his suooeasor to give it tho proferonee; but many 
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For scarp walls exposed to the action of the sea, this prolilc has bcou reoom- 
inended. At Cadiz it has answered very well. 
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Vauban adopted tho sloping one. Before his timo scarps were ireqnently 

at 4- Bad ^ because it was erroneously believed that such au ineltnation makes 

the balls glance oil'. Vaubau made thent at f, and Cormuutaiugnu at f* 

It has, to a gi-eater or less degree, tlie mconvenieuce of requiring frequent 

repairs; it suffnrs much from exposoro to weather, t)ie joints holding the 

wet and harbouring plants, the roots of which sooner or later destroy the 

masonry. Modem engineers have reduced the slope to V"* ^^^ French ongiooerft 

now adopt V- 

u 

For the thickness, the dimensions of Vauban, 5 feet at the top, and 6 feet +-^1- 

at the basOf H being the height of tho scarp, have not been preserved, although 
none of the walls he built ever gave way. It was too much for counterscarps 
and low walls, but it was not suiticient for very high ones. In his full revetments 
H was moaRured from the bottom of the dilcli up to the terreplein of rampart, 
the small wall abovo it being only 3 feet thick. Cormontaingno gave a mean 

thickneBSof -rr- 
40 
ij 

is -^ will possess sufficient stabilitj' to resist pressure in any soil. 

Belidor, Coulomb, Prony, luid other engineers, have calculated formula for tiie 
thickness, which it ts nut uiu* province to investigate. At present the thickness .r of 

a rectangular wall ia calculated by * = '865 (H + A) Tan. -j y — , in which IT re- 
presents the height of the scarp, H that of the exterior slope, « tJie angle fonnod 
by the exterior slope with tho vertical, p the weight of a cubio yard of eartli, 

f/ that of ma»oury. 

20 
For a couiitenH:arp, A =: 0. Wbeit the wall is sloping at ~r-, tlio thickness 

at the base is •« + -^^ 



but it IB now admitted that a wall, the mean thickness of whiofa 
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(322). Counler/ortSf or interior buitrosacft are frequently constructed to give 
more HtaUility to the wall by their weight, and enable it to resist more easily the 
shock of disttant artillery. Tiie prosanre of the earth ou their intei-ior surface 
is a force which also resists the forward motion of tlie wall. They Iiave been 
made dovetailed (y'lg. 612), reetanfftUar (Fig- 613), and dtminuhed (Fig. 614), 
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the two latter forms being pifferable, InMiauso the bond of tlie counterfort with 
the wall is bettor established. Vauban used to place them 16 or 18 fcot apart; 
tlieir l^ngtli, E H, was 3 feet lees than the thickness of the scarp at its bottom, 
their width C D at root, one foot more than their lon^h, and thoir tail, A B, 
narrower than the roots by i- lie had not any for tlie counterscarps. At present 

the following dimensions are recommended : Length, — -; root, -;^; tail, -7^; 

distance, 15 to 18 feet 

(323). By constructing arches from one counterfort to the next, the thickness 
of tlie scarp may bo diminished, Ijocaiiso tlio wliolo ]»ressure no longer bears on 
the front, and an the archee will support the parapet af^er tlte fall of the wall, the 
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broaohing will be serionsly hindered. The name of hoUov> or ronnUrarcheil 
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reretment has been {nven to this di-sposition which is Iwtli excellent and econo- 
raical, more especially for high scarps. 

In the tirst dispusitioit, rcpreseutod with a scarp 30 feet hi^h, the piers will 
be 5 foot tliiek, IS fi>ct long, and 18 feet apart fmm axis to axis. The arch i» 
3 feet tiiick at the tup, fonning a vault 21 feet high in tJie clear. The front wall 
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needs only be 5 or 6 foot thick. Tho earth falling at its naiiira! slope, will leave 
an empty space to that door, being i)ierced through tho piers, tJio defenders will 
have galleries ready made to employ mines against the broach, and loopholeft being 
cut in the front wall, the ditch will receive a grazing fire. 

Id anotiiQr disiiosition the galleries are left empty, and arc closed at the back by 
a circular wall ; they are ventilated, as shown by tiie diagram, and become real 
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casemates. It is advisable to leave at least 4 feet of earth over tho arch, to give 
to tliis a thickness at least equal to ] tlio radius of curvature, and to pierce the 
loophoolea at equal intoi'\'aIs measured on tho outsido. bocauiw tho enemy cannot 
guess at tJie very place of tJio piers, uid tlicroby breach more easily. 

Another system of hollow revetment has l>een constnicted witli a second wall 
behind the first, tho arches being parallel, instead of pcriwndicular to tho front ; 
but tho pressure of the vaults bears on the front, and renders breaching less 
difficult. 
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(325). Witli regard to iho foundatumi, yau1>ii.n used to mako them 3 feot deep, 
with a retreat of 1-^ feet in good aoil, bat these diraeusions must be increased 
whenever the soil is compressible. At Ypres. for Instance, sionie foundations were 
made 17 feet deep. Sometimes to prevent the revetment from sliding outwards 
piles of wood liave been buried or spurs of masonry built at the foot of the 
foundations. ^ 
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Id aquatic Bites, where ditclios are usually very large, a mass of earth may 

be advantageously left before tlie foot of the cec;iLr|) to servo as a prop to the 

i^ora of mo&onry. 
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SECTION v.— Or thb Ditch. 

(326). The ditch iu destined both to form » serious obstacle to the further 
progress of the beaiegcr, and to furnish the deblais for the construction of tho 
wmpftrt and parapet 

The greater its width and depth, the greater the obstacle ; hut reAM)n<i of 
ooonomy and the necessity of equalising the deblnis and remblais impose limits. 
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In general, the width at the salient of the bastion la 30 yarda. At that point the 
Counterscarp is traced on tlio arc described from the salient of the csicarp as centroi 
and it b afterwards fixed so as to admit of a sight of the ditch from the whole 
flank, the width tJiereby increasing from the salient to the curtain, unless the 
flank be le-ss than 30 yards, in which case the counter&carp i» better traced 
parallel to the magistral. 

It is preferable to incrcAse the depth of the diteh ratlior Uian ita width, because 
T>y this the enemy is dolayofl longer in constructing his descent gallery. Some 
engineers recommend it to bo made narrow and very deep for that reason, and 
also boenuse when the deptli is such tliat the batteries established on the crowning 
of the covered way do not afford a view of two-thirda of the est-arp, tho besieger 
is obliged to erect bis breaching batteries in tho covered way itself, or to have 
recourse to the mine, two dangerous and uncertain operations ; but narrow tlitchea 
have tlio serious inconvonienoe of being liable to be filled by tho debris of breaches 
made at tlic escarp and counterscarp. Therefore, these ai'e not made Icsa wide 
than 25 or 20 yards. That of tlie ravelin may vary from 15 to 13 yards. 

When the width Is sett-led, the deptli is found by the conditions of the doblais, 
and we have seen that it should be such as to leave at least 30 fwrt to the revet- 
ment of tho escarp. 

The counterscarp sltould always be revetted ; it would not otherwise be a 
serious obstacle, and the higher tho better ; but some reasons of economy not 
unfrcquentty oblige the revetment to be made as low as ]K>ssiblo, viz.} 1*3 feet 
When the terreplein of tlie covereil way, tho jwsition of which is determined by 
special comtiderations (Sec. I. Chap. XXII.), is more tlian 15 feet aliove the bottom 
of the ditch, the revetment may be maintained at 15 foet, either by making the 
ditch slant towards tho escarp, or, what is better, by joining tho masonry to the 
terreplein by a slope. 

(327). In order to carry off tho water arising from springs or rains, it is 
usual to give to the bottom of the ditch a Hlope, both from the escarp and the 
counterscarp to the middle, whore a small ditch, 4 feet wide at the top, 2 feet at 
the bottom, and 3 feet deep, called ettrutti, is excavated. When there is much 
water the cunettc may be made larger and deeper, and it forms a fresh obstacle. 
It should have a Bofficient fall to drain the ditch off to a well sunk for the 
purjHMe, or to some low ground away fn>m the fortifications. 
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ADDITIONAL WORKS, 



SECTION I.— OrrwoBKs. 



It 18 a general rule that all the outworks oonstntcted on a front should bo 
flanked by the enceinte itself, that tlioir gorge should bo open, that their terroploin 
present no cover for the enemy, and that their eumbliiation bo such as to adiolt of 
a successive defence. 

(328). The ravdin i» most frequently employed, although it by no means 
forms an indispensable part of a front, especially in uno\-en ground. The 
offcctivenoss of that work increases with its aaliency, but not indefinitely, because 
it8 broacli must bo defended by the hastion within easy range, luid witli a great 
saliency tho enemy can breach the onceinto from a greater distance. For these 
reasons it is advisable to limit to 200 yanU, tho maxuniun distance from 
ita salient to the crests of the onceinU\ The Aiuiked angle will be 60^, 
the minimuui, because a lar^r angle would bring tlie re-ent^rin^ places 
of arms loo forward, and tho glacis of the ravelin would not be well flanked 
by the faces of tho bastion. This last consideration necessitates a further 
reduction of tlte salioncy when the bastions arc small, because it is desirable 
that 60 yanis at least of tJieir faces should not be masked. Several engineers 
have greatly motlified tliis outwork, osjjecially with tlio Wew of closing 
the opening of its ditch on tho enceinte; and wo shall examine thoir construction 
further on. At present we coufino ourselves to tlie ravelin of tJio ordinary 
bastionod front, such as we find it in the modern system. 

Some engineers object to this ravelin, tliat the narrowness of ita terreplein 
leaves no room for tho employment of mines in the defence, and renders ofl'cnsive 
rotums very diflicult, whilst the besieger can find euflicient space to construct his 
batteries. 

Although on unreveltcd ravelin answers nil the requisites of exterior defence, 
yet it u bettor tn revet its scarp, because the enemy being obligod t<j enter by a 
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breach, tho defenders will dnd it easier to repulse the assault. Tbc scaqj need 
rot bo ao liigh as the ciiociute, aud Its miuimuia may be fixed at \5 feet. The 
ditch, from 12 tn 20 yards wide, sloptjs towards the main ditch to carry die water 
off, and at the same time exposes ifaelf to views from the bastion. The command 
of the curtain on this work should not bo loss than 3 feet 

(329). The gorge of the ravelin may be organized so as to form a sort of 
rotrcuchuicnt fi-oui which the gun'isuu can make oSeni^ivo i*etunis, and oppose 
an extcndetl line to tlie ne(^38Harily narrow ft-ont of tho enemy, but it is jirefcrable 
to construct a reduU on the principle of the modern system. The faces are kept 
parallel to those of the ravelin, and the Hanks are made 20 yards long. A 
revetted escarp of 1 5 foet is noccesary, but tho counterscarp is better left unrevotted, 
aud even sloping as a ramp towards the buUent, to enable the defenders easily to 
attack the lodgment of tho hexieger. Tho 'widtli at the bottom of tlio ditch may 
vary from 12 to 15 feet. This outwork should iwssess a sufficient command over 
the ravelin to enable the men to fire over it on the glacis of the collateral 
bastions ; but as this command might cover tho terreplcln of the ravelin from the 
view of the cucointe, it wiU be proper to adopt a oomiuand of 1^ feet only. Tho 
magistral is kept in a plane witli the terreplein of tlie ravelin, and the interior 
of the work is maintained as low as conveniently can be. 

Thcsalicncy of the i-oduit must bo sufKciciit toeuablc the faces of the bastions 
to flank its ditch, whicli is generally 12 or 15 feet above that of the ravelin. 

Masks of earth, in the shape of a glacis, are erectefl both in tho ditch of the 
ravelin, and in that of the redult to close the trout's ; they are placed near their 
gorge, and are kept at such a height as will prevent the escarp fram beiug 
breached. 

(330). Coupures along Uia &oeB of the ravelin prevent the enemy from turning 
the re-entering places of arms of the covereil way, defend the breach of ravelin, 
permit offensive returns, and secure the retreat of the defenders ; therefore, they 
are fi*cquciitly adoptc<t, altliough their ditch is only iianked by tho roduit- Their 
command is tiie saute as that of the reduit; their ditch, about 12 feet above that of 
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this work, will &lo|»e towards the escarp of tho ravelin; tlie escarp, about 12 k-vi 
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Cormoiitaingne, Bousmard, Carnot, &c. — made tliuiu very narrow, to ]:r<,'vent the 
besiegers from availing iheiiisi^Ivea of tbeir tcrreplein, and csinstrupting breac?liing 
batteries on it. Experience, however, decidedly pronomxjes in favour of Vanban's 
ideas, who recommendcsl not to assault llicse works, but to destroy their parapets, 
in order to permit the lireaching battcriita of the covered way to batter down the 
eneointo. If the coonterguaids are employed as a mask to cover the enceinte, a 
gi'eat ihiekuess is certainly desirable, and the besiegers would not save time in 
assaulting theui for the piu'poHc of consLructing new biittt-ries in their t«rreptein. 

At the siege of Landau, in 1703, Man^hal Tallard lost time in aissaulting the 
counterguards, and was thereby obliged to encounter the Count de Nassau ; and 
bad ho not succeeded in beating tiim at Spire, the consequences would have been 
most disastrous ; whilst tlie hreacbcs to the enceinte could have heen made at unce, 
by merely giving an extra relief of 3 fi.Hjtlo the batteries of tlie covenjil way. 

At Turin, in 1706, La Feuillade made the same mistake, and not only lost the 
place, but was beaten by Prince Eugene. 

A similar ntistake of carrying successively every enceinte, whilst they could bo 
simultaneously broached, wa» made by Wellington at BurgoM in 1812, and lie was 
compelled to retire after five raurtlerous assatdts. 

Counterguards are not so frequently constructed at present as they used to be. 
Whenever employed, either before a bastiou or a ravelin, thc^' should coiujfletely 
coyer the masonry and never liinder the fire of tliese works, eonditions which 
have not always been fulfilled. They are found in old fortresses chiefly before 
bastions, deriving tlieir Uank defence from the ravelins or fi'om their rodiiits. 

Fio. «ao. 



They diminish the depth of the re>entering space between the ravelins, so that 
the enemy can crown sinmltaneoosly the salients of the ravelins aud of the Ivastioiu 
Their long faces being exposed to ricochet, they are unletmhie by the defenders, 
and their ditches as well as those of lliu ravelins become dead, the covered way is 
abftitdonod to its own rusuurcus, for the enceinte can hardly fire over the counter- 

A A 2 



35(> 



ADPmONAL WORKS. 



guard, ami the eomLinatinn of couiniaiitl between these works rentl^j^ *u 
tion of a redoubt of rc-onWring place of arms veij difficult. j>^ ^^nstnic- 
angle of the redoubt of ravelm, caii be breached through the ditoi, of th * ^^"'^^*'" 
guard, and it may be 8torme<l at the same time aa the ravelin. _\ji ,, ^""tor- 
Touiences, added to the great outlay they occasion, liave not a little corih^i** ^ncon- 
throw oounterguarda into discredit. Nevertheless, when old fortrJi*"'*^ ^^ 

masonry of which is generally exposed, are repaired, oounttTgnarda ar- F^^* ^^° 
answer well, as they are cheai)cr than the work required for raisnio- tu *^""^ '" 
8carp, the covered way, and the glacia. ^' 

Sometimes they are cousUnotcd on a bettor pnneiplo, as in the followin H" 
tion called t^Jront of counterguards, where they mutually flank each otJier I ^^*^*^^' 

Fio. 631. ^"^ 

/ 
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best disposition would be that in which they arc flanked by the onceinto itself 
and this is only possible in certain localities. Several enginoera have re- 
commended counterguards in preference to ravelins, but Vauban and Cormon- 
taingne, decidedly object to them ; however, it must be confessed that in their 
time, the ooantcrguards in uso were very bad, scarcely covering more than half 
the length of the faces. They liave important advantages, inasmuch as the 
enceinte being jirutocted the enemy muat occupy them before brejiching the ba»- 
tion, and timy detain the enemy longer than ravelins would. On the other hand 
they do not give a cross fire on the capital of the bastions, and the enceinte belmr 
unable to fire over them, tlicre i.s not ro great a development of fire against the 
attacks; it is diflicolt to flank them, and to organize good rotrcnchmenta in titem. 
French en^neere seem to prefer them to ravelins, and they form eoupures on tba 
terrcpleins to defend the salients ; a redoubt of re-entering place of arms is also 
construi!ted to tire on tlie collateral capitals. Both counterguards and ravelins are 
seldom nwd together, except in places of importance 

Counlorguards have occasionally been placed before ravelins, especially when 
toese wore ^mall. If the ravelins are large, the advantugra gained nro not a. oom- 
pciaation for the diatanl, and tJicreforo inettieient flanking uf the glacis, of the 
salient place of arms, and of tliu salient ol" ihe eountergunrd it^elC 
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Tho nninc of envelope bus becu given to tho continuous enceinte, fanned when 
tlie coiuttergtmrda of the bastions are joined to t}iose of tho ravelins ; it may 
increase the length of the defence, bitt coupures must be made to prevent the 
enemy from spreading, and a strong armanttnt shuuM he given. 

To conclude these remaks, wo may add tbat, wlien cumiterguards cover the 
masoitfy, the glacis may be greatly siraplifieil. It causes a serious outlay, which 
can be reduced by fpvin^ the minimum command to the covered way, the terre- 
plein of which may be below the level of tlie country. Tho glacis, still seen by 
the enceinte, is tlius mode very smaU. 

(333). TenailUma and Donii-Tonaillons are employed to strengtiien the small 
ravelins of the old traciugs. 



^/^ 
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Those works by increasing the saliency of the ravelins, had the advantage of 
compelling the besieger to carry two ravelins before attacking a bastion, hut tlieir 
cost is great compared to that of a counterguai-d, and [they are no longer con- 
Btructed in modem fortifications. 

(334). Formerly, hortiworka were in high repute, and might be seen in 
almost every fortress ; tliey were sometimes erected to ejccess, and yet, sueh as 
they were, they had but little value. 

Fio. 033. 



Tho long bi-anclics are exposed to i-icochot; the front, bemg narrow, is easily 
enveloped and silenced, and ilie ditches permit the Inrsicgorto breach both bastions. 
Vauhan cert;unly made an improvement by constructing llie honiwork before Uio 
bastion, because the enemy is ihun compelled to carry tho two collateral ravelins. 
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aud erect tho breaching batteries iu tlic torrcpluiu of tho work itaclf, tuid then he 
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will only bo al)le to breach one bastion. On Uie other band, the long hnuiches 
are fttill enfiladed, and the ravelins that flank their ditcliea require to be garrisonoci, 
since the enceinte eanuot fire into them. 

In both cases, the long branches have the great inconvenience of masking the 
fire of the collateral works, tliereby allowing the enomy to proceoil witli comparative 
safety into the spacious terreplein. Again, unless the ground Iw especially fevonr- 
able^ the command of theso works does not permit the men on the bastions to 6ro 
over them, and part of the enceinte does not command the country ; they require 
an increase of garrison, an J neon vol licnco which ravelins or other outworks flanked 
by the enceinte do not entail. And, lastly, they occasion great ontlay. 

They should not, therefore, be indiscriminately en)ployed as they have been, 
and the addition uf coupurcs, which increase the cost without adding to the value, 
such as are here reproseuteii, should he set aside. 

Fio. ess. • 




In general, and despite all the inconveniences whicli wo have enuraeratod> a 
homwork cannot be replaced by tniy other work when protection is required for 
a bastion fonning a salient. They are excellent for enclosing suhnrbs, and 
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15 feet Ravelins or counterguaixls may bo added, bat this accumulation of 
works will rarely give aii increase of atrongtli proportionate to the outlay. 

Croimworhi are eniplnyeil for tlio same piirpa'^e as liomworks, an<l all we have 
said about these is applicable also to thorn. Both rtMjuire a covered way. 
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(335). The covered way is an uutwork, which caii never be diftpenscJ wiili. 
unless the furtificatinn standit in front of &t\ Impractic^hlo marsh or on an in- 
accessible rock. It has been snooessively improved by Vauban and Corraontiin^ne, 
hut ita essential property — that of enabling ihe garrison to go the rounds and 
assemble in safety before and after sorties — must not be overlooked. The con- 
struction of a banquette to give musketry firo on tlie glacis, that of a re-entermg 
place of arms to support the ilefendcra in tlie branches of the coverod way, and 
tJiat of traverses to resist ricochet are excelk-nt improvements, but these should 
not cause ns to overlook the fundamental propertj-. The traverses, for instance, 
render tho communications along the covered way difficult, not to say dangerous; 
and nothing has yet boen devised to remedy this. The terreplein waa originally 
onthc^jTound itself, or a little below, so that tlie crest had a small command, quite 
insuthcient to conceal the masonry of the esearp. Corinonlaingnc waa tlio first 
engineer to introduce llie rule tlial the crest of the glacis must cover the masonry : 
tlie increase of command which it implies occasions very great remblais, and in 
order to diminish them, .S foot of the escarp may be lotl uncovered, sine© it will 
not endanger it. At present the covered way is constructed so as to give a command 
of 8 feet to its crests, covering the masonry, and to allow at least 15 feet 
command over them to the parapet of the enceinte : those parapets should also 

Fjo. 688. 



present a view of the top of tlie counterscarp, or at loast of a point 3 feet above 
it The ditch of tlie ravelin being narrower than tluit of the enceinte, th^ 
command of ihe ravelin over iJie civsl of the glacis cannot e?iceed 5 or 6 fcoU 
Botfa thn covered way of the bajstioii, and that of the ravelin, tthould U- com- 
manded hy the re-entering places of arms. 
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Tho redoubt of the re-entering place of arins tdiould derive Its defence from the 
bnstion and from the redoubt of the ravelin, and at the same time its terrcpletn 
shonid be defiladed from the salient of tlio ravelin itself, oUierwise the besieger 
may turn it In this res(iect, the reikmbt of tJie moiicru system is defoctlvuj 
since it cannot be defended when itie besieger has taken tlie ravelin. 

SECTION It.— Advanced Wowlb. 

(336). Advanced works arc those placed beyond the glacis, but near enough to 
receive protection from tlie body of the place. They are doiiigne<l to oblige the enemy 
to commence operations at a greater distance, to defend certain parts of ground 
which cfinnot be seen from the paraiwts of the front, to cover a bridge, a sluice, or a 
dam, wliich it is essenUu) to prcsei've, and to increase the number of assaults the 
besieger has to give before attacking the enceinte. They have, however, serious 
disadvantages : tliey derive but a weak protection from tlic place, and are exposed to 
attacks of \-ive force; they require a special garrison, and once occupied by the 
enemy become advantageous to him for tlie couHiruction of his trenches. As a rule, 
they are not constructed for small fortresses, and when employed they should not 
be further off irom the MKeinte or the outworks tlian 400 yards. 

(337). Lttntttes. Modern engineers have proposed to construct these before 
all the salients, so as to form a sort of line with intervals, bul tlieir ideas have not 
found favour^ because such works are exposed to simullaneans attacks ,- they sub- 
divide the garrison, and weaken the energy of the defence. They are now con- 
structed only on the capital of some bastion, and flanked by the collateral ravelins. 
Tlicir 8alicnt angle camiL>t be more than 60° or 70°, because Uiu faces must bo at 
ri ght angles ornearly so witli those of the ravelins. It is usual to give 60 yards 
to then* faoea tmd SO yards to their flaaks ; these are directed so as to defend 

Fio. fi4a 



\ 



\ 



\ 



/ 



/ 



S63 



ADDITIONAL WORKS. 



eitiiur tho salient or tlio gorge of tlio next lunette. In order to prevent the enfimy 
from ereding batteries in them, tho rampart la but 10 yards wide, and their terre- 
plein is cut bya ditch with a stockarlc forming a reduit. The crest of the parapet 
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should be in tho same plane with that of the glacis, or not more tlian 3 feet almvo 
it, otherwise tlic enemy might plunj^e in the covorod way of the ravelin ; th is 
Bmall command oxjmscs the lunette to bo turned in the rear, and to avoid this 
danger the gorge is occupied by a wall 15 feet high, 3 feet tliick, and pronded 
with two row3 of loopholes. There is no noed of a covered way, inasmuch as it 
would lower the couutorscarp, expose the escarp, and facilitate the attack by vive 
force. The ditch may be 30 or 40 feet wide, the escarp and *x>uuterscai-p 20 feet 
high, and the crest of the glacis 6 feet below that of tho lunette; this ditcli h 
excavated in ramp as we have seen in the lines with intervals, to exjwse it to the 
fire of the ravelins. 

Communication is established between the lunette and the place by a galleiy 
opening ut the connterscarp of the salient of tho bastion, and in the reduit of the 
lunette ; from tho reduit to the rampart the defenders communicate by two small 
moveable bridges. When it is not possiblu to make such a gallery, a double 

FlQ. 943. 




(338). l^mettes d^Ar^on, Id order to bring the lunettes further oS the place 
and iliminish the dofect of their gorge. General D'Ar^on has constnioted at 
iifsan^on, Metz, and other places, lunettes which boar his name, and which are 
supposed to bo capable of defending themselves. This work iias the same dimen- 
sions as ail oixlinarv lunette, except that the salient angle may be marie aa open as 
deemed necessary. The gorge is closed by a loopholed wall 18 feet high, and a 
round tower 15 feet m diameter separated from the terrcplein by a ditch 12 foot 
wide. The masonry of this tower is maskecl by the parapet of tlie lunette, and 
the top is covered by 3 feet of oarth. Large o]>enings under the cornice give a 
free egress to the smoke, and sene as machicoulis for the defence of Uic foot of 
tlio tower : the loopholoH lu-e 6 feet above ground. A lower sUtry leads to a 
reverse casemate canstnict«d under the glacis at the salient of tlie counterscarp for 
tlie defence of the ditch. 

A bomb-proof traverse divides the torreplein of the lunette hito two, protecting 
it from rcvcnio ihv : it is vaulted and o|>ena into the ditch of the tower from whence 
it receives light; four doors establish communication between it and the two 
moieties of the lunette. The ceiling of the gallery leading to the casemate is 
pierced to receive a rauvcablo staircase leading to stc|>b ascending to the vault: 
this opening can l)c strongly cI(Kk.w| aflnr tlio retreat of tlie defendoi*s. 
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The circmnferenco of the tower touchea only the line of gurgo, and the wall is 
directed towards its centre to receive a little ftmk defence : circular nunps lead, 
from the clitcli of the tower to the tcrroplcin of t]io lunette, aud strong biirriers 
prevent tbe pa^sa^e of the cneuiy. A double caponier, well pulisaded^ connects a 
door in the tower to tliu place. 

The lunette D'Ar^on does not seem Hkely to atand the attach bj vive force : the 
" r^duit of suret<5/ the name given to the tower, and intended by D'Ar^on to 
&cilitate offenaivo returns, would soon be destroyed by vertical fire or even by 
direct fire aimed at the extremities of the flanks, which are weak (mints. The 
loopholes of tJ»e reverse casemate may he rendered useless by throwing fascines 
into the ditch, and as the flanks have no defence, the enemy once in the ditch will 
escalade them easily and suiTound the tower, and the defenders will retii*e to 
the rear, when the lunette is taken before any use has been made of the reduit. 
Bai*on Maurice, a Swisa engineer, has projwaud a mndification of this construction 
which the figs. 646, 647, will at once render intelligible: the top of the tower is 

PlQ. 64S. 
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dL-stined to receive artillery to fire belbre the glacis; the ditch aud glacis aJto- 
gother enclose the work : at the gorge the ditch is flanked by the tower as well as 
by a little casemate. A gallery passes from the tower to the place, and serves for 
the retreat to the dofcuders. The masonry of the tower is still more exj)U»;cd to the 
artillery of tlio enemy ; the conimunii'ation to Uie rear is safer t)i:iii the cajMUiier, 
but D'Ar^on had a gallery in bis lunette at Metz, and it is an im]>rovoniont which 
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cAnnot be made on every kind of ground ; the defects of tlio work remain very 
nearly liie same, and the simple hinettcs of tho form we hnve described ape 
ilecidcdiy preferred by the majority of engineers. 

(339). A fitche IB the name given to n little redan placed at tlie foot of tho 
glacis of a bastion or a re-entering place of arms: it is a W(»rk much inferior to 
the lunette, and is only erect«jd when there is an advanced ditch to defend ; it 
commmiicaics with the rear by means of a double caponier. 

(340). Hom^workx are decidedly better than lunettes, becausic their front 
flanks itself, and at the distance at which they are erected this front can receive 
good dimensions, and their branches bo directed towartls the outworks which will 
flank them best To occupy a hillock or a little valley in front of the place, they 
are exccUeut Crown-u^orka answer the aaiue puri>ose wlien the ground to bo 
covered is wider. Their gorge is closed as for lunettes. Freucli engineers fre- 
quently construct crown-works. 

(341). An advanced ditch is formed by the prolongation of the glac^i?. An 
advanced covered icatf is a covered way on tho oxtoriur of an advanced ditch. 

FlO. 648. 



Thia work is never constmcted on the whole porimetor of a fortress, because the 
increase of defence is not worth the immense outlay which it necessitates. It id 
employed only on some particular [mrts, for instance, to occupy lite edge of a steep 
8Jo|)e which cannot be seen from tlie place, or to give safe access beyond au inunda- 
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tion. The flanks should rest on good obstacI(.«. It serves only for the exterior 
defence of tlie plaoe by the outposts whiUt the enemy is still far off. It becomes 
better when it is supported by advanced lunettes, espeoially befiare fronts in strai;:>ht 
Una Whenever employed, there should be at least GO j'ards of inlcrior glacis, 
the counterscarp should be revetted, the re-entering placei; uf arms provided with 
small redoubts, and the crest kept below that of the interior covered way. 
Communication is established by a caponier between the branches of the covered 
way of the ravelin and the little redoubts. The lunettes pi-cservc their own 
comniunications. 



SECTION in.— Detached WoBKa. 

(342). Detached works are the works constmeted at a distance, more or less 
groat, from a fortrossi deriving their defence H'om themselves and designed to 
occupy important positions, to render the investment more extensive and 
therefore more diffii^dt, to defend tlio approach of the most accessible fronts, and 
to preserve to the garrison the use of the country even after the beginning of the 
attacks. Thoy genemlly consist of isolated forts> oflcn of some impoi*tauoe, as at 
Lyons and Paris, and of redoubts, lunettes, towers, iSc. 

As the relief must bu suflicieutly great to prevent escalade, Uie small extent of 
the fronts of these forts becomes an obstacle to tJie condition of self-defence, th« 
ditcties Iteing mostly dead. Several means have, therefore, been employed to 
remedy this, as loopholed scArp walls, machicoulis, galleries of reverse, and 
bastionets. 

(343). The lottphoUd scarp trails weaken the revetment (374), always leave a 
dead angle at tlicir foot, require many men to survey the ditch, and are only 
employetl when nothing else can l>e clone. The loopholes have no aetion on tJie 
exterior, because they are placed rather too low to be deBIaded from the fire of 
artillery. Towers aro almost the only works to which adeienoe based on loop- 
buli-8 Ls applieablo. 

(344). MachlcoulU leave no dead anglo at tlie foot of the escarj), and are out 
of reach of the enemy when he lias enterecl the ditch, but they are expensive and 
exposed to a plunging lire of artillery, which is all the more dangerous from 
tlieir masonry being usually weak. They are not better than looplioles, and only 
applicable to towers juul barracks covered from the 6ro of artillery. 

(345). The ffalUries of reterte are better, and boUi French and Germans have 
frequency constnicted them, but they should only bo considered as an accessory 
means; otherwise, the garrison, already small, in further reduced, and the 
delenoe lieromm leu energetic ; the luopholes may be rendered useless by means 
of fancineH, or the gallery itself may b« dehtmyed, the ditch losing its defence 
even before the breaclt is mad& 




ptoced at tho salients of a work, are still bettor. When casematixl, the masonry 
should bo covered by the glaciH. In iho open ones, the defenders are more 
exposed, for if tliey do not Htand exposeil to a plunging fire from the countor- 
scarj), thoy snfTer hejivily in n narrow terrepleln fi"om verticjil firf>: on annonnt of 
this, open bastionets are placed at those salients only which the enemy is not 
ItkcTy to attack. 

(347). The outline of detached works varies indt-finitely, almost every form 
having been adopteiL At Lyon*, some forts have tlie sliape of a trajiezold, the 
large base being towai^ds the place, and this form is preferable to ti i*egnlar 
polygon, because the angles exposed to attack are thus rendered more obtuse. 
Tho gorge of all those works should bo closed, as in advanced lunettes, by a wall 
of the bastion form and a ditch. The coverc<i way will usually bo tlispensed 
with, since the small garrison cannot spare many men for its guard, and it »'ill 
bo constructed only to give views on such grounds as cannot be seen from tho 
parapet. Tho further tliese works are from the place, the stronger they should 
be : tlie height of tlieir escarp must increase, and when Uie distance is such that 
their garrison will probably be obliged to sojouiii several days, defousive barnicks 
arc built generally near the gorge. 

When the position occupied is very important, the work Ixjcomes a small 
fortress, which may have ravelins, eountei^ards, covered way, &c 

It is considered necessary to construct ruduits in detached forts to prolong their 
resistance, either by imparting conHdcni'ie to tlie garrison, or by at'tually partioi- 
|iHting in ilie defence. According to tho importance of tho fort, the I'cdait may 
be a tower, a defensive barrack, a redoubt with bastionels, &c. 

(348), We shall have an opfwrtmnty of speaking of tlie tietached works 
constructed in Germany, but we cairiot leave this subject without alluding to the 
nature of the works now in course of construction in England, because, though 
they lieiir some ivsemblance to the German tracing, their construction is far 
better, and contains many of the improvements which have been pi-o[>osed by the 
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■dirocale* oT the bastioa tndng. Witboot in aaj waj eetdng aaHe the b^itioo 
tracing, tbc EngUsb enguoeen cfrtnisled witb the defence of dod^rards, &c., prefer 
the poljrgonai tncmg for detoched wacba hwcaiow Ae nae of these irork« wookl 
nut permit the oonBtmctianof pBDperljrdevdoiied bastioDS the interin-spsuie would' 
he too limited, and the Bvaa of the hagtio m ooold not bend ihemaeiTea bo well to 
the gToaod, or bring their fire simnhaneoasly oo the directian reqaired. We 
speak of these works as specimens of detached forts, bnt aroid entering into the 
dismssion of the value of the comhmation made with them for the defence of 
the approaches of Portunoath. If tsken in tbeff mwMnhle, the system mar be 
severely criticised as not answering the porposc in viow^ vet taken nngl^y theae 
forts are constructed on dccitlcdly superior {triDcipIeo. Tlw figures represent the 
namre of the works in the nelghbuurbuod of Gog|k»L 

Fi(k Ml. 
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Tho angloB are made nbtnse to permit one face to take up the fire of ttio 
adjuccut one. The ramparts of the faces are protected from ricochet by traversea, 
either eolSd or hollow, lo servo as cxpenso mngazine-s, and those of the flanks 
which are more exposed to enfilade by traverses cascmated ii I'Haxo, The 
paraiHit does not invariably i*un parallel to the ditch, whose esoarji and countei-- 
gcarp m-e traced indopondontly of the rampart whenever desirabla 

The ditcher arc flunkwl by caponiers hidden by tho ciinntersearp, and so con- 
structed as not to be exjioscd to destructiou by aisy battery croetcd in Uie 
prolongation of t^e faces. They are for mnaketry and artillery, to permit the 
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Swticui tlirougli Hortor Dottcr; and Coutnil CMjioiiier. 

U90 of canister and grape. At the aailient of the rampart there is a caseuiatod 
batlery for mortars {nee Sec 11. Chap. XXIV.) 

The command of the works is regulated so as to sweep tho ground in front, 
and to allow the construction of bombproof casemates under the r&mimrt of tho 
faces. Those casomates form excellent ban-acks for* tlie garrison: they are 
connected in front by a gallery of communicatiun, which is lighted by vertical 
stiafta pierced tlirongh the rampart, which also int»ure veutilaUon. The parapet is 
made 24 feet thick for the faces, and 20 for the flanks. The tliteh is narrow, 
45 feet, and the escarp, 30 feet high fi-om the bottom to tlie foot of the exterior 
slope, is thereby pi'otccted from dist;uit fire. A chemin des rondes runs along the 
fmjt of the exterior slope, and has for parapet a loopholed wjdl 7 feet higli, which 
makes up a total height of 37 feet for the escarp. The top of that wall is 6 feet 
below the crest of tfie glacis along the faces, and 3 feet along the flanks. Its fall 
does not endanger the escarp. The clienun des rondes gives fauilities for repairing 
the parapet, which tho enemy may have destroyed, and caimot give a footing to 
an assauJtiiig j>arty, because it is flanked by galleries at tho angles. The 
revetments of escarp and connterscarp arc made " on dfecharge." 

Tho gorge is occnpied by a casemated keep, either polygonal or circular, tliat 
will enable a com))Ai*aiively iimall number uf men to defend the work. A 
oitcular keep, oontoiaing uccommodation for 100 men, is now in course of 
erection at Brockhurst Fort It coimuujidh the whole teiTeplein, and BuBiciuntly 
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projocto to tlie rear to flnnk the ditoh of the gorge, and to afford an artillery fire 
difficult to silence along the crest of the placia of the collateral forts. It has two 
tiers of gans, the upper on the terroplein, the lower in the casemntes. These 
cusematcjt aro constructed en dtcftargst and their wall towards tlie front is kept 
as miR-h na ^wssihle bcluw Uie crest of tJto para|ict of tho work* but not ao as to 
prevent tho guns from sweeping tlie terreplcin ; it is therchy less exposed to being 
breachetl. As for the crost of tho keep, it has a sufficient command over the 
parapet of the fort to fire at distant batteries, but not to sweep tho glacis. The 
ditch is flanked either by a musketry caponier, as in Uiis case, or by a countcr- 
flcar[> gallery, from which a suUtorrancaii communication leada to the rajwiiiers of 
tiie work. 

The gorge of the forts is closed by a wall, with a ditch and countoi-scarp con- 
ncotiug the keep with the inner extremities of the flanks : it has an earthen 
banquette on its rear, and h ma<Ie sntliciently strong to resist a stray shot that 
might pass over the parapets. 

Those forts are constructed about a mile apart, and are not connected by linos ; 
but it has been proposed to close tho interval botween thorn by a wall 18 feet 
feet high concealed in a dituh. 

(349). Citadels are small forta erected in the most inaeoossiblo part of a fortress. 
They arc intended either to son*e as a refuge for the garrison, in order to prolong 
the defence after tho jtlace has fallen, to commanrl n place recently eomjuered, or 
to occupy tlie key of llu; position when tlie place buing woaklv garrisoned or tatUy 
lurtilitid, it is advisable to lei tlie enemy occupy the town and to defend only the 
citadel. 

In the firat case it fX}nsista of a fort with 4, 5, or 6 fronts sufficiently large to 
aooomnioilato Jths of the w^hole garrison, it is bosl ftinalrucled on the c;ircu]ntorence 
of tho plocO) to be ouabled to roccivo the re-iuforceraente tliat may arrive, but tlie 
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fix>nt8 on the exterior must lie very strong, and tliose facing the town weaker, 
otherwise, the enemy will at once be-siege the citadel, to avoid a double siege. An 
open space caUc<i esplanade is \ct\ between tlio town and the glacis of the citadel, 
io prevent the enemy frou making his appruaehcs under cover. The eacarp of 
the place sliouM join that of the citadel su as to leave no * troupe,* and at the same 
time, BO as not to mask the flanking ; tlie junction can tlierefore he made witli the 
salient of a bastion, either by a kind of a batardeau or by a narrow branch. Somo- 
times tho citadel may be detached from the encciuto ou a cummaudiug point, but 
the frn'tificaiions uf the j>la(X> !>huuld uot be intorrnpted, and a& regular attacks 
cannot tie carried betweim the citadel .ind tho place, tliis part of the enceinte may 
consist of a mere gorge. 

Tho second case is now of very rare occurrence ; tho dungeons and castles of tho 
middle ngus were citadels of this kind: tliu populatiuus ollen liostilo to tho garri- 
son, were kept in obedience by them ; should such a citadel be necessary, it will 
oonaist of a regular front placetl on the circumference. 

In tho third cose, the citadel is the principal work, and requires to he matle 
strong in proportion as the place ia weak; it niay Ini constructed for open towns, 
t]iL< apprDui^hes luid interior of which may thus be cummaudod and rendered unfit 
for tho enemy. 

Many engineers object to the couHtruction of citadels as being anti-national, 
useless for tho defence and even dangerous. They contend that populations 
are now more patriotic tlian in tho [Mist, and will share with the garrison in tho 
defence, whilst tJie sight of a citadel engenders approhcnsion among them ; that 
tho garrison will be too crowded in u citadel and loo exhuuste<l after a first siego 
to support a stfcond ; and tJiat the |HH»se5sion of a citadel renders tho enemy more 
exacting towards (he town. However, tho majority of engineers recommend them, 
l)e<!ause if thoy are not called into play, they nevertheless act morally and impart 
great confiilenee to tho garrison. 

(350). Intrenched Camps before fortresses were pro|»osed by Vauban in 1696. 
lie hud found tiiat towns were loo coufined in space to receive garri:uins of any 
importance, and as it ofien happened tliat urniies wore compelled to seek a mo- 
mentary refuge against a superior foe without intending to abandon tlie country 
entrusted to tljeir defence, ho provided for it by constructing intrenched camps 
around the places. It was thus that ho erected thoso of Dunkirk, Ath, Mamur, 
and Lautorburg. Tliis camp sen'es as a barrier against invasion, cxteniht tlio 
defencM of the fortress, allows the boueged to refuse battle without lo<!ing ground, 
ofibrs safe magazines, affords shelter to a defeated army, serves as a place of 
security for materials, cattle, and forage, and by its- groat deralopment and 
reaoorces oompoU tlie enemy to attack it regularly. The Marquis de Feuquiei-es, 
in his Mem'tires, gives long rules for tlie selection, cAtablislmiont, Ac., of intrenched 
cain|w, anti lutiiitioiui tliusc uf Ulroclit, ilri«»4u-li, I'iege, 4&c- 




is otily at a later period that a positive advantage was derivc<l from these cainps, 
b^' defending tbom with detached works which allow the troops tu assume, at a 
moment's notice, the offensive or defensive. In fact, tliis improvement was most 
necessary: in his Memoii"s, Frederick the Great, when «pe-aking of the camp of 
Pima, said that if it were difficult to carry it, it was not Icm difficult for the 
defenders to leave it, and he preferred making use of lines of redoubts disposed on 
salient and re-entering angles, a method tliat hod already boen adopted by 
Marshall de Saxo, at Maostricht, in 1748. 

The camp which Frederic intrenched at Bunzelwitz, contained 40,000 men, it 
was traced and executed in five days, and the allies could not foroe it 
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not injure the gvunisra. The redait should be covered from view by the parapet : 
it has a plntform with macbiconlls, Su\ 

Should the space be ttm narrow to constrnot a battery, as it will happen on 
cliffs, or islets near liarbours, wliere t!io wash of the sea would endanger earth- 
works, Ibrts or towers of masonry are oonstnictodr they consist of several 
casemuted tiers of guns. Sometimes such forts are erected on artiHcinI founda- 
tions of concrete. These are expensive, and liable to suffer much, but it is 
sometimes impossible to defend the approaches of a port in any other way. 

(352). The armament of tJto batteries will soon be idtored by the introduction 
of Armstrong guns, but it is still regiUuted uu the j^riiiciples pro|Kised in 1852 by 
a royal committee. At Portamoutli, however, a few l(X)-pojmiler8 Armstrong will 
be in battery before tliese pagOH leave the press. 

The 8-inch shell gun, and 32-pounder of 56 cwt., are the best ordnance for 
general purposes, since tbcy are capable of setting ships on Si-e. It is advisable 
to have one-tJurd of the guns of die first kind, and two-thirds of tlie second 
For important points, ^reat roadsteads, &c.« lO-inch shell guns and 6S-|K)undera 
are recommended. For a shallow boach, the 32-pounder of 50 cwt. For short 
ranges, li-jrht guns and howitzers will be sufficient, whilst the IS-poundors are 
desirable for the batteries of position connecting forts with one another or with 
battcnes. 

Mortars arc too uncertain against shipping to be much used, but for some 
particular cases, it is desirable to have a lew 13 or lO-inch at hand. 

The batteries should be provided with ammuuition to last one day's firing, 
which is secured in powder magazines situated either in the rcduit or under the 
parapet itaelf. 

The ammunition is caleulaterl at the rate of 150 rounds for solid shot guns, 
and 120 for shell guns, besides a rcsen'C of 100 rounds per gun kept in readiness. 
The proportion of shot and shoUa is: — for the former, 90 round shotd, 20 sheUsj 
20 shrapnells, 10 case, and 10 gra|>e; for the latter, 80 shells, 20 shrapnelhi, 
10 grape, and 10 case; but when it is for a lO-inch gun, the proportion is 
100 shells, 10 gra{)e, and 10 ease. 

It is also recommended to have hot shot furnaces placed to leeward In all 
batteries. 

The guns are mounted on ordinary garrison carriages, and on all kinds of 
naval carriages. Wlion firing en barbette, the traversing platfonn resta on racers 
raised on dwarf walls ; when firing through embrasures or casemates, the racers 
are on the terreplein, and are traced on arcs, the centres of which are a little in 
rear of their muzzles. 

(353). Every one is familiar n'ith the MarUUo towen erected, in great numbers, 
on the southern imd wustem shores of England. They were adopted in 1796, 
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vaults rosting on the escarp itself, and yet this mode of conBtriicUon facilitates 
the breaching. The arlillcry and gunners are mucli exposed, Ijoth to the enomy*8 
fire and to splinters, and 3 feet of earth should bo laid over the vaults to make 
thorn really Iwmbproof. Round towers ha%'e this advantage over others, that they 
require a less amount of masonry for tlie samo interior opaco. 

A bettor diii]x>sition for the walls of batteries facing tlic sea is to be found in 
the block-houso of Portsmouth. 



(355). The Russian works which in 1854 defended the bay of Bomarsund, con- 
sisted of a large fort and tliroe round towoi'& Tho forthad tiie form ofa»omi-cUipae, 
the great axis of which measured lUOO feet, the suiall one G40 feet It consisted 
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of two stories of caaeuiateB tor artillery. The goi^e was closed by two buiUJngi 
aen'Uig as barracks, ond hy a strong work of tiie form of a horse-shoe also case- 
mated, and designed to defund tJic approach by liuid. The fort could mount 100 
guns, and pruvidu a(.vx}uun(Klatiou for 2500 uivti, bctudes n>om for magaaincfi. It 
was however found that at a distance of 1000 to 1500 yards, 6 guns only could 
be brought to bear at tlie same time on a ship. Tho towers, 140 feet in diamct^ir, 
also casematod in two stories, were pierced with emiu'aiiures for 32 guns, each 
embrasure being Eankcd by two loopholus. Six foot of sand covered the top of 
the archc6, and over tlwm was a roof nf lintbiT vid slioet-iron, intcndi<cl tu keep c^ 
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the snow. A Rritiah battery of throe 32-ponnder8 of -12 owt-, mndo a practionl 
breach at 900 yanls in about 8 hours. It is tnio that tho construction of tlie 
masonry was bad: tlic &Dnt and rear walls had no tic wiUi the piers aiid arches; 
and the front watlK theni^veH were iimde of two unconnected parts, a coating of 
granitic blocks and a bank part of ashlar. 

The attack of Bomarsiind, I>esidefl showing tho diffitrulty of concentrating fire 
from circalar casemated works, pointed out the danger of embrasures of masonry: 
most of tito guns had boon dis*abled by the deflection of the shots stiiking on tho 
cheeks, and the Hua^ians could not tire at long range because tlio openings of the 
embrasures were not sufficiently large to allow tliu guns to be elevated. 

(356). Several batteries are now in coarse of construction in England, and to 
give an idcji of the principles which engineers cs|wcially jiay attention to at 
present, we exhibit the plan of a battery lately erectetl at the entrance of Shoreliam 
h&rl>our. h stands SO feet abov« the level uf tlio sea, in an cxocllent position for 
viewing Uk sppmAclteR, and mounts six heavy guns. 
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ditch is defended bj three caponiers and by a Carnot wall, behind which is a 
cbemin des rondes, and to this access is given &om the terreplein hj flights of 
steps. The gorge is closed bj fire-proof buildings, serving both as barrack accom- 
modation and as keep : they are preceded by a covered way and glacis, and are 
protected by the rampart of the battery. The few loopholes pierced through the 
gorge cannot prevent an enterprising enemy from reaching and then escalading it 
easily ; in that respect it is scarcely secure against surprise : the Carnot wall is 
here employed to prevent such an occurrence along the faces, but if a caponier 
had been erected at each shoulder-angle, and the central caponier placed at the 
gorge with a ditch as deep as those of the faces, which is not the case at Shoreham, 
the danger of a surprise or of an attack de rive force would have been lessened, 
and the latter rendered impossible if the caponiers instead of musketry, had been 
organized for light howitzers firing grape shot 
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DETAILS OF PERMANENT WORKS. 



" SECTION I.— Dekilade. 



(357). The defilade of permanent works is based on the same principles and 
execiitctl in the same manner as that of field works, hut very few fortresses are 
found in which the problem is satisfactorily solved. The engineers of the time of 
V^auhan did not attach sufiictont im]K)rtance to tltis subject Cormontaingne 
was the 6r8t tu Ijike it in hand, and it has been necessary for modem engineers to 
correct, as best tliey could, liio defects of existing fortresses ; dan;;^rons heights 
have been lowered, para[>cts raised, or tcrrepleins lowered, or those throe means 
employed simultaneously. 

The theory of defilade originated with tlie French school of en^ncers of 
Mezi^rcs towards 1760. At first the engineers imagined, for the sake of regu- 
larity, a single plane of site tangent to the commanding ground, and eonstrucled 
tlieir fortification on it as on horizontal ground. As Uie enemy does not make 
his approaches on this plane of site, but on the ground itself, this method could 
not answer practical purposes. A single plane of site for a place Is no longer 
considered a notiejwtity, far from it ; every front or part of a front may have a 
sj«cial plane, and the more nuwoi-ous these planes are, the more readily the forti- 
fication will bend itself to tlie ground, and thereliy acquire additional strength. 
The distance from which it is advisable to defilade, is still a matter of discussion, 
but as 1000 yards is the extreme distance at wliich the liesiegcr constructs his 
batteries, most engineerH would defilade the oncomtc from nil commanding ground 
within it ; this however ia not sufficient when the place is exposed to reverse fire, 
ucenusc the enemy, with the actual improvement of artillery, may find it advanta- 
geoufl to erect batteries at a ilistanoo of 1500 or even 2000 yards, Lo fire at reverse 
on the defenders of the front* attacked. 

Raveliiw or similar outworks lu^ defiladed from 1000 yards only, I>ecause tlie 
enemy is not likely to erect special hatturica on the roar of tlie paralhl, and as tlio 
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covered way is not in roqaest until afltor the bc^^er has constructed his aecond 
parallel, it requires defilading only from 600 yards. The masonry does not 
re*iuiro dofilmling beyond 1000 yai-ds. In general, tliis is tlie distance from 
which It is novussary to be coveiiid from musketry fire ; arms have boon improved, 
but flight remains the same. 

The plane of defilade should pass 8 feet above ihe dangerous ground, within 
musketry range, and 6 feet above the gi'ound on which tlio enemy can erect his 
batteries. If jjossible, the salient places of arms should be defiladed from the Bix)t 
on which treiicli cavaliers are constructed, the piano passing 9 feet above it 
Every work ahouM also be defiladed from thotw in front, the enemy b«ng BUppc^od 
to stand 3 feet above their [>arapets. 

Defilading by sinking Uie ten*eplein is more frequently employed in permanent 
than in field fortification, although both mctho<l9 arc used In general, we admit 
no plane of defilade witJi a greater t»lope than ^,. Wheu the faces of a wurk 
caimot mutually cover each other without too great a relief, traverses :ire eon- 
stnictod to intercept the reverse fire, and cover the men on the banquettes, but 
they present serious inconveniences in outworks, where they mask tlie fir© of the 
enceinte, afford more or less shcltor to the enemy, hinder the commumcations ov 
narrow the terrcplein. 

In field fortification, where the relief varies within narrow limits, it Is ofteu 
possible to defilade a work by modifying the outline, and altliough in jmi-manont 
foiiJficatioii the iimils of tho relief ore wider, yet the conditions of the tracing are 
\e^ easy to depart from. Nevurtheless it is often necessary to make alterations m 
tho general outline. The ai)plicution of fortification to urrogular gromid is by no 
means the least important branch of tlio science, and we cauuot do better than 
enumerate briefly ilie fundamental principles, 

When a fortification is erected, either in horizontal or uneven ground, in front 
of an isolated height, its general direction should be perpendicular to tho line that 
joins the commanding pouit tu the extremity of the work, in order to obtain a 
plane of defilade as little inclined as possible. If It is constructed before a range 
of lulls or equal altitudes, it should be parallel to those heights. If the crests of 
ttiose Itills gradually inelino and intersect the plain, tlio fortification may no 
longer remain parallel, but may converge towards the pomt of intersection. 
When the fortification is erected on the side of a hill, in face of a plain, it should 
remain parallel to tlie latter, and if it must deeoeml towai^ls it, it should do so as 
obliquely as possible, tho summit being occupied by the salient, and tlie fool by 
the re-entering ports, sinoe it is from the foot that the enemy can direct enfilade 
and slanting fire. 

If the whole place is situated in a valley, the longest sides or fronts ore kept 
|>arallel to the hills, and tlie extreme ones that run aeivss the valley beuig exposed 
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to enfilade and reverse fircj are made as short as possible and defiladed by traverses 
and parados. 

When a work has a height in front, it is so mnch the more easily defiladed as 
its angle is more open ; under such circumstances the bastions should Iiave as wide 
a salient angle as possible, and fianJts as short as the necessity uf the defence will 
permit : ravelins may be disix-naed with or have very Utile sallcncy. Whenever 
the position of a sahent is not necessarily detorminctl by otlior circnmstanoes. It is 
fixed so as to let the prolon^utions of the faces fall on tow parU and contain 
between their angle the dangerous ground. 

As a general rule, wc should avoid the vicinity of commanding hciglits, and be 
especially careful not to direct long faces towards them. More particularly still, 
should we leave aaldc jKisitions surrounded by hills within range. And lastly, it 
should be borne in mind that a fortification constmcted on a slope facing a plain, 
stands in the same danger as a work erected on a plain and having a hill in front, 
that the most advantageous position for a work in uneven ground ia on a surfaoo 
rising towards the heights, and the mn«t disadvantageous on a siu*face sinking 
towards tliem. Besides those considerations relating to the defilade, which apply 
to field as well as to permanent works, there are others tJiat concern the gi'ound 
itself on which the fortification is erectc(L Thus, an iiTcgular surfaoo requii'ing 
great deblais and romblais should bo avoided ; the salieuts^ bastions, and cavaliers 
should bo j>laced un the chief elevations, tlie ditches should occupy the hollows, tho 
glauls should as much as jKtssiblc coincide witii the ground itself, &c. 

(358). KorliHcations iire sumetinius erected iu niuunlainous diiitricts to com- 
mand a road through which the enemy is obUged to pass, and in tliia case tho 
general principles cannot be adhered to. Spaee will frequently be wanting, fronts 
will be made smaller ; and as the depth of the ditohcs mnst still be sufficient to 
prevent escalade, casemates, loopholcd t^allerics, &o., may bo employed. Som^ 
times eartlien parapoU will have need to lie ontiroly replaced by masonry, blind- 
ageSf Taults, &c, to protect tlie defenders from plunging fire. The fortification 
becomes simiitu* to tliat of tlio ancienta. It would bo endless to enter into the 
details of the various cases that may ocour in moontainous regions, but as a 
general rulo we may say, that the chief work, fortress or fort, should not be 
erected on tlie culminating point, because the enemy might turn it by the \mihs 
bo finds on tho flanks of the mountains. This point is occupied by a tower, a 
blockhouse, &c y and the chief work stands in the valley towards which all the 
paths tliat lead across the chain converge. 

(359). Altliough it is not our province to enter into details of plan-^lrawing, 
yet we may show how tJio command of works may Iw determined, by means of 
profiles, from tho conditions that may ho given. Let us suppose that it is required 
to find llio command of the luistiun over tlic glacis; the j)ara|kel boing intended (o 



CM)MMITN1CATI0N8. ^^^^ 385 

fire at tho foot of Uie glacis, Uio Bhot U) pass 4 feet above the crost, ftud to enable 
the defender to see 2 feet above the counterscarp. 
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Let E H represent the line passing through the foot of the glacis, and a point 
Fj situated 4 foot above tlic crest of the covered way. Take A B = 2 feet, and 
througii 13 draw a liiic B G, luclincd at ^. It is clear tltat the crest of tlic purajiet 
must be l>etween the linos FH and BG-: if on B G, it will give the maximnm com- 
mand cotnitatible with the data of tho problem; if on FH, the minimum. 

Tlirongh R draw U V" at 45° to represent tlte direction of the exterior blope, and 
through B draw several lines B m, Bm', B m", &c., which may represent various 
superior slopes: from the points where these lines cut U V, measure honzontally 
no :^ n' o' =: n" o" &c. =r 18 fcot thickness of parapet, and erect the perpendiculars 
op, o'p', o" p'\ Slc. The points j>, jj', ^. Ixjing joined, wo obtain a curvo (hyper- 
bola) on which the crest must be situated, since R n, U n', Sx., represent the 
exterior slopes, and n 0, n' o', &c., the superior ones. The intersection of this 
curve with B G and F H will give the command maximum and minimum. 



SECTION II.— CoioirwicATioNS. 

(360). Great importance ia now attached to tlio establifthmont of good com- 
munications botwcen the various parts of a front, because the defence may receive 
a greater impulse when there is free eircni.itinn, than whon there is danger of 
being cut off or exposed to view while repairing to the threatened point. The 
chief conditions they should fulfil were not always observed in old constructions, 
but now engineers endeavour to obtain them : tliey should not compromiHe the 
safo^ of the em;eint« or of the works to which they lead ; thoy should he easy of 
access to the defenders and yei iisole&s to the enemy ; and they hhould be covt-rcd 
c c 
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from tho eight of tiiu bosieger ttirou^limit the wliolc of tho aiege ; their egrojts 
(when nnder^rround) or their surface rthoold bo seen from the works in rear, in 
short, they should not be eas)' to bo cut off hy tho enemy. 

These comniuiiications lake place, as we have seen, by irtjstflrus, stairs, rain|i3, 
and capaniciit. 

(361). PontertiA are subterraneous passages and must only be constmctod when 
indispensabto, because they more or less facilitate surprise. If in pursuing the 
dofendors actively tlic enomy succeeds in entering such [lossages and occupying 
them even partially, ho is enabled, to barricmle them ; to fill them with ]K>wder 
and blow up the work above : it is a danger to which all subtorraneouA passages 
are subject, hence canals, rivers, sowers, aqne<iucts, &c, are invariably cloecd at 
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their ingress and egroea by gates, and oihcrwisc made secure. Poatenia aru 
generally found under the middle of tho curtain, under tho tcnaillc, under the 
flanks of the redoubt of tlio ravcliii, under each face of the redoubt iu tho re- 
entering places of arms, and Homctimcs under tlio faces of tho cavalier in lieu c^ 
tho staircases which wo have se^n round the traverse iu the modem system. Ab 
a rule, i\v:y should not be inclined at a greater slope than /,, and this is why it is 
so often necessary to make the great post«rn under tlie curtain delwuch nliout 
6 foet above the bottom nf tho ditch, a dis[>osition, however, which prevouU tho 
enemy fwn forcing the entrance by attaching a petard. A wooden ramp com- 
plelus the access in ordinary circiunstaiicos, but when thero is danger in letting it 
remain, it ia replaced by a moveable light wooden staircase. It has l>oen pro|Mited 
to let the postern reach tlio bottom of the ditch whouevor Uie slope allows of it, 
Mid to defend its approach by a loopholcil gnardbonse, but it increases the ox;>cnso 
and is not alwayrt pi'ucticablc. 

The poetcm through which artillery jiasscs should be 7 feet wide by 9 foet 
high, except the great postern, which ia usually 12 feet by 9; tlwse destined 
for infantry are ft wide by 7 feet high. In ancient fortifications, the posterns 
uiiiler the curtain, cavalier, and tenaille, were the only ones tliruui;!! which guns 
could pass, but roost modem engineers require tliat all posterns be made wido 
enough for artillery, to tava time in arming and disarming the outworks, an 
operation somewhat slow, since tho gtms and their cArriages liavo to bo carried 
from the main diU'h tu the varioos lorrepleinft by nteaiis of gyiui. 
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DotU entrances of a poetorn are clo&od bj strong gates opening inside, and a tliird 
gate " of safety" is fi-equently erected in tlie middle of the passage. These gates arc 
made of oak ^trcngtheitcd by iron, and ai'o besides secured bjr oaken balks inserted 
into the ma.sunr\' of t1it> vault. 

The posterns of the enceinte are fi-eqneuUy turned to advantage : recesses are 
cut on botli sides of the passage to form powder magazines^ which besides being 
bomb-proof are very handy for the outworks. 

In tlK! modem sy:>tem the jwsturna which lead to the ditch of the ravelin open 
into the terreplein of the rudoubt, but Fit'uch engineers object to thiH arrangement : 
they believe that every work should have its own special comrauni cation, and 
tliey make these posterns pass under the flanks of the redoubt and open into the 
main ditch. 

(362). Staira or pajt-de-sourut were exclusively employed in the time of 
Vaoban» to communicate from the ditch with all the outworks : now they are 

KlG. 874. 



\ 



found, either single or don1)1e, at Ate gpygfiB of the salient places of arms, of the 
redoubts in tho re-entering places of arms, of the redoubt of the ravelin, of 
coupnros, and of tenaille. 

They are a precarious means of commuuieation, for tho vertical fire of the 
enemy destroys their steps, or the frost makes them slippery, and even when not 
BO impaired, they are by no means eauy to ascend rapidly. Yauban made them 
only 3 foet wide, and their slope was nearly 45**. Corraontaingne widened them, 
ajid diminislied the slope: at present they are 6 or 7 feet wide; the utop is 
7 inches high, and tlie thread II inches, giving a slope of -,%> A tliroad of 
14 inches gives a l>etter slope. 

These st«irs are greatly objected to by many engineers who prefer rumps fit 
for artillery, except at the goi^ of the redoubt of a ravelin, which a ramp might 
exijoso to be tuniod. 

(3G3). Jiamps are undoubtedly a more rapid means of commonioation, but 
it is yet a matter u|X!n to discusaiun whether pas de souru ore not preferable. The 
outworks once aniicd, tlwir artillery need not be moved till it is disabled: and if 
any cim be saved, it will notl>e of great importance tfi the defence, whilst i-amps 
otler easy access to the enemy. Besides tliosc usually constructed for the re- 
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entering places of arms> tlio rnvclin aiid tht* coupure iu the bastion, many are 
erected for the barbettes of bastion, ravelin, redoubt of ravelin, and for communi- 
cating from tlic Icrreplein of enceinte with the rampart, and hence with tho 
cavalier. TJioir width varies from 9 to 15 feet, and their slope from i to tVj or 
more, their inclination diminishing as the diO'ercnee of levelincrcascs. Whenever 
ramps or stairs are exjKised to the view of the enemy, it ia necessaiy to cover 
them by sj)eciiU massea of earth, or traverses, which protect the defenders. 

(364). Caponiers serving as communication, altliough organized defensively, 
are mere traverses; their glacis should always be exposed to tho fire of tlio 
(mrapots. The double caponier in front of tho teuaille can bo plunged by the 
enemy when he is eatnblished on the glacia of tho bastioD, and tins is why it is 
oflen recommended to i-eplaoe it by a vaulted passage. 

(365). Sally-ports have no other condition to fulfil than that of avoiding 
enfilade; one is cut llu*ough every face of tho ro-cnteritig place of arms, and 
another through e\*ery branch of the covered way of tlic ravelin near the salient 
place of anus. , 

(366). Besides these communications which are indispensable for every front, 
a place requires gatewaifa to communicate with tlie country, for tho use of tho 
inhabitants in lime uf )H.'<acc, but those are d;mgcruus for Lite security uf tlio place, 
and their number sliould be Umited to what are strictly necessary. 

Although there oro small places having oiUy one gateway, two are deemed 
necessary, in ordinary cases, for fortresses of four, five, six, and oven seven fronts ; 
in general one gate for every tlureo or four fronts is the average, unless tho place 
be divided into segments by a river, when two gate's i^r segment are indi$]x>nsable. 
As much as possible tJiey ore constructed on the fronts which are least exposed to 
attack, and always in the curtain : it is through tliem tliat gre.it sorties with all 
arms are made, and it is important tliat tlicy should be safa 

The gateway is a vaulie^l (Hissagc, debouching from tho scarp 3 or 4 yardfl 
above tlie bottom of the ditch, and closed by a drawbridge and by a gate of 
safety in rear. A loopholed guard house, between Uiat gate and tho drawbridge, 
defends the passage. Hitherto, when there was no outwork, tlio oiitnuice was 
further defended by means of hersos and orgues. Herses were strong wooden 
barriers, which were raised or luworctL by special machinery.', tlirough a vertical 
sUdc cut into tho vault ; but lu they could not bo lowered when the enemy 
had succeeded in bringing a cart under tliem, orgues were substituted. These 
oro Strang balki of wood sliding through grooves, and exaetly closing tl«s 
passage. 

(3(i7). Tlio drawhridgi' leails to the tenJuUe, through the parapet of which an 
opening is cut : there another drawbridge (often dinpensed with) eonunimieates 
with a fixed bridge tliut loads to the redoubt of the ravelin. At that jioint the 
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road turns nearly at right angtes> and passes through the fnoes of the redoubt 
and of the ravelin under vaulted arcliwajs provided with drawbridges over their 
respective ditclies, tims forming a level communiration with the covered way, 
from which B winding cut, opened through the glacis, leads lo the couutrv. 

For further security a small place of lu'ms, called "avanc6e" is constructc<l at 
tho jwint where the road leaves the covered way. * 

There would be great danger in tracing tho road in a straight line, because 
tlien the enemy might enfilade it, and render great sorties impossible. 

The entrance to the curtain is generally decorated with some architectural 
structure of simple character. 

The passage is 15 feet wide, the gate from 10 to 12 feet, and the vanit 15 feet 
highi dimensions greater than those we find in ancient places. Thpy allow for two 
paths for loot passengers. In commercial towns, however, two passages, one for 
etgresaand another for ingress, are often coupled togctlier. The height of the vault, 
with a thioknoss of two yards for it« masoniy, ajul the eailli above, does not alwa^'S 
suit tho relief of tho curtiin, and it becomes newasary to raise the cuitain in tlio 
middle, or to erect traverses or cavaliers at that point. Where those means ai-e not 
sufficient, tho passage is not vaulted. 

The fixed bridges over the ditches arc ttolid structures of wood or masoniy, 
or tlio piers are made of masonry and tho rest of timber, in order tJiat it may 
be easily cut or destroyed. The bridges are from 18 to 30 foot wide according 
to tlieir importance 

As they, more or less, hinder tlie flanking of the ditch, the arches arc made 
as wide as possible, and when the passage is not much alwve tho bottom of the 
ditch, a causeway is carried from Ute tenaille to the redoubt of the ravelin with 
two glacis well defended by tlie flanks: a coupure of 12 or 1;5 feet is made 
near the counterscarp. 

(366). In order to intcnupt or re-establish suddenly tlie communication, draw- 
bridges are employed, which consist of two parta, tho platform and its counU-rj^oise. 
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Tbo platform, aboat 12 or 14 foet long} is a stout fi*amo of timber, the head 
and tail piece of which aro connected by balks. Over tboso one or two rows of 
chesses are placed, and to prevent the whoela of carriages from wearing away tlieir 
surface too rapidly, small iron bars are closely set over them on both sides. The 
tail piece bears two iron pins driven right and left into the scarp wait, which wall 
is made thicker nndcr this part, to prevent aceideuls, and above it a recess is cut 
to receive the platform when the conimunicuttun is interrupted. The head is 
secured to the fixed brid^^e by two l>oI«, and hand-rails are placed on both sides. 

This stincture has a great weight, and requires a coantcrpolso in order to move 
it, besides oUicr means designed to sunnount inertia and friction ; hence the 
invention of several systems, but we fihall only say a won! on the chief ones. 

In the most ancient, the counttTpoise is formed by a stout wooden frame, 
heavier than the platform, terminated by two long beams called " fleches," which ^ 
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are strongly connected and protrude outside. Thoy bear pivots fixed in tli« wall, 
whilit their extrcmitius are secured to the head piece of the platform by a chain. 
The i>art uf the cuimterpoiso or bascule in roar of the pivots, must liaVe suflicient 
weight to balance the platform. The length of the beams, fh>ni tlie pivot to their 
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head, is equal to that of the platform, and the disUuico between the pivots of the 
counterpoise and the plus uf the tall piece must bo etj^ual to the length of the 
chain connecting ihe flo*?he to the head piece. To work this bridge, the bolta that 
secure it. to the 6xed bridge are opened, the bascule is pulled downwanU by a 
ser\-iee chain, and tho flechcs turning on their pivots raise the platforto. Two 
rertical grooves are cut into the masuui'y to receive the flcches. The iueonvo- 
aiencc of tiiis system is the danger to which the long Arches, seen at a distance 
by tho enemy, expose tlie bridge ; the efforts made to raise the platfonn are not 
constant during the working ; tho equilibrium is soon destroyed by tho warping of 
tho beams, and tlio timber of the fleches requires frequent repairs. 

(369). To avoid the inconvcnienco of exposure to \iew, the bascule has been 
tixed belonr, and received into a well hole when the platform rises. This plan is 
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more common in Germany than in Franw. The scarp wall requires a groat 
thickness ; when tho ditch become* wet, the woll-holo is liable to bo filled with 
water, and tlte counterpoise acquiring buoyancy no longer balaucos the platform. 
Sometimes a system of cogwheels is employed to lower or raise this bascule. 

^370)k In a system due to Dohenheini, the effort necessary to work tlie bridge 
varies with the resistance which tlie mass presents in the different positione it may 
take. The platform is balanced on the right and left side by two iron bars, one 
horizuntAl, thu other iuclinod at 4d°, botli carrying a weight at their extremity. 
Each bar is moveable separately round an axis A, whilst the weights arc (ruimected 
by a chain which i>a3&es over a pulley B, aiul is attadiotl to the liead pieoM. By 
pulling the weight W, the pbtform is raised, both weights acting simultaneously 
until an are of 46° has boca described, when u; falls on tJie vertical, and censes to 
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rails. Under it is a rack, bolted to some iron bearers Tvhioh connect the whole 
frame. TTie counterpoiBc resta on the edge of the escarp, on a roller, whilst at the 
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rear it is provided with a track and friction-rollors. By means of a pinion 
and cogwheel} the platfurm, or rather the bridge, is moved inside tJie place ; the 
handrail* themselves following an<l passing on rollers mounted on standards, Tlie 
working is not exposed to danger, but it is alow and requires much space in rear ; 
and means must bo provided to close the opening. 

(373). The last sort which we shall notice, due to Genera] Poncelot, is fre- 
quontly employed in Franco, where engineers soem to attach as groat an import 
ance to constancy of the power, as to security of working. 
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Sam the counterpoise consists on each sido of a massive iron chain, attached at 
one end to a fixed point r, ami at the other to tiic small chain tliat draws tlic 
bridga The great chain is made, as the diagram shows, on tlie same principle as 
that of a watch ; it cannot touch the wall, because of the small chain rolling on a 
pulley, P passes ai'tenvonlB over a wheel Qthat keeps it ofiT. The counterpoise set 
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into motion by one man, descends into a small well. When the platform is hori- 
zon tnl, tJio chain being on A B O, the part R C is supported by the 6!Eed point C, and 
it is ilie weight A B that balances the bridge. AVTien the platform is raised to 
MN', a portion of the chain A A* equal to the diflereneo 1*N — PN' descends, 
and the part that balancos tJie bridge is A' B' alone, which is evidently smaller 
than A B, since B B' is only h:ilf of A A', in a third position a smaller part A" B* 
balances and so on, t}io counterjioise becoming smaller and smaller as the bridge 
loses more and more of its weight The proper weight of the chain is fixed alter 
& few trials, and as it is armed with hooks to receive additional weights, the matter 
is easily scttletL 

It 18 an excellent drawbridge, tlie working is easy and simple, it takes very little 
room, is not exposed, and has only the defect of being more expensive than thoso 
of tiic old system. 

When railways pass across a place, it is not jiossiblu to give them the sumo 
curvature as tlie ordinary roads, hence a danger which it is necessary to diminish 
by the addition of advanced works. These works shotUd be kept at the same level 
as tl»o covered way, bo traced perpendicularly to the front, and be seen along all 
its surface from the parapets. When railways pass under vaultii, they should bo 
defended by loopholcd galleries. 

Daring a siege, all the bridges are removed, the gates or openings through the 
escarps are closed by means of rcmblais, and the inhabitants commnnicato with 
th« ootmtry tlirongh the [>ustern&, those gates only being preserved on the fronts 
not attacked, through which sorties can bo made in force. 



SECTION HI.— LooPHOLEfl. 

(374). Loopholes are of two kinds, horizontal and vei*tical, the former of 
whioli is rarely employed except fur the defeuoo of a ditch in the galleries of 
reverse and caponiers, whore a wide horizontal range is required. 

In vertical loopholes the exterior opening is 3 iuohes wide, and the interior 
opening 2 feet. The height must be such as tu permit tlie men lo fire easily in 
oil tlio directions whero fire is necessary, and varies from I foot 6 inches to 2 feet. 
The cheeks with these dimensions are inclined at 30°, The " plongie" varies 
with the requirements of the defence, and in mountainous districts it may oven 
coanterslopc. 
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Sometimes the wide opening is made ontside, and the cheeks are indented, 
thereby affording the same socnrity as in the other nrmngement: it presents a 
hotter view of the external object, and it may bo adopted for caponiers and 
galleries of reverse, where the enemy has something elso to do than to rettxm 
fire- 
When the wall is more than 3 feet thick, the muzzle of the musket cannot 
protrudo outside, and the smoke would become inconvcniont : in this c&so, a recess 
is cut in rear, or the loop may be made wider both ways. In this c&<io, the 
exterior cheeks are indented to prevent the ballets of the enemy from ricocheting 
and passing through. 
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When a loop is pierced near tlie angle formed by two walls, it is noceasary to 
allow 1 foot 6 inches between the wall and the cheek, otherwise the defender 
could not make use of the whole range. 

The exterior o|icning nmst be kept 7 or 8 feet above tho ground outside to 
prevent tlie enemy ti-om masking it or firing into it. When, however, the 
plongce needs to be much inclined to fulfil Komc condition of dofenoc, the men 
cannot easily incline their muskets along its nlope, hence tite necessity of piercing 
tlie loophole down to tlio foot of llie wall itself may ooour. Such loopholes are 
called by the French " or^neaux de pied." A plongoe much inclined is UBOoUy 
indented like the cheeks. 
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The interior opoaing must penuit the meu to fire eutly in every direction, and 
•IB therefore kept at 3 or 4 feet above the hanquotte. Tho centres of loopholes 
are usually kept 3 feet apart, not to weaken the wall too much. 

The superior face (top) may b© horizontal, but it is inclined when it becomes 
neooBftary to Limit the vertical range, as in loops pierced thi-ough tlanks that 
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face each otlicFj or as occurs in mountainous regions : this inclination prc\'ents tlie 
men from Bring at oach other. 

Loopholes are generally cut perpendicularly to the wall, unless they have to 
flunk a face oblique to that in wliich they are pierced, or when several of theui 
liave to defend the same point 



Loopholes may be double when it is necessary to fire in two directions, but 
tliey weaken tbe wall. 

Horizontal loops arc similarly constructed, and what has been said i>efore 
applies to them ; their opening may bo wider outside or inaide, their checks may 
be mdentcd, &c. ; the only ilifieronce is, that they may servo for two or even three 
men. Colonel Onl projiosed this louphule for two men t it has on each face n 
break or retuni to arrest the bullets. 
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Looplioles oover the defenders from the musketry of tbo besiegers, bat each 
man bcliinJ his narrow opening cannot see a largo space in front, and is often 
unable to firo on the onemy when bo presents himself only for a very short timo 
before the range of his loop, especially when close. Loopholes should not be 
exposcfl to tlie view of artillery, hence they should bo used sparingly, as aurciliary 
means to defend a bridge, or a ditch whon the defence from the para(>ets is not 
efficient. In Algiers, where the Arabs h.ave no artillery, the French have 
constructed places, the enceinte of which consists mLcroIy of a loopholed wall of 
the bastion trace. 

In Germany, loopholes form an important item of tlic defence, and we shall 
havo an opportunity of judging of their value when speaking of the polygonal 
fortification. 

Fio. 894. 



(375). A revolving loophole, that may be advantageously adapted to doors, 
uihI at tlio same time made to servo as a vcntUutur, has been lut«.'Iy triw.! at 
Chatham, and found to answer welL It cousistu of a solid oyUndcr of metal A, 
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that revolves in a casing 6, also made of metal. 1'hc cyllndor is pierced with a 
hole 2j by l| inches, allowing au ulcvatiou uf 14^^ and a depression of 19^ 
Apertures Uirough the ca&iug permit a horizontal field of 75>°. The cylindor is 
adjusted to tlie object to l>e fired at, by means of the barrel acting as lever. 
To close the opening, the cylinder is tomod by means of a Iiandle C, then raised 
over n clieek o, and kept closed by the handle fitting into the notch tn. 

(376). Embraiuns for gims are loopholes on a larger scale. The qaostlon is 
not yet settled as to what is the best form to give them, and yet, owing to the 
multiplicity of cascmatcd works, caponiers, coast batteries, Ac., lately constructed, 
it requires a speedy solntlon. The two great points to bear in niiml in the 
construction of embrasures ore to cover the guiinei-s, and to obtain a wide field. 
In the old model, the throat was 2 feet 2 inches wide, whilst tlie outside oponing 
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was made equal to 2 foot 2 inclies, increased by one thii-d the thickness of tho 
wall. The gun can only traverso 27 degrees, and Uio outside opening is con- 
aidorable : projectiles striking the cheekH enter tlie battery, and the acate angles 
of tho masonry at tlie throats are liable to be broken in. 
There wuuld be less danger for tlie gunners if the embrasure were reversed, but 
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the tlilcknoss of masonry n«ar the external opening would he too small, 
form haa been modified in recent construction thus : — 
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Americans adopted tho embmsoi'e of General ToUnu, in whioli the throat is at 
2 feet from the face of the wall, the exterior opening 4 feet, the interior one 
5 feet, and the external lieight of tho cheeks 3 feet G incbos, the throat itself 
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being I foot 10 inches wide. In the construction of coast batteries, American 
engineers have kept in view tlie great danger to which tlio gunners are exposed 
when ships can a])pmach sufficiently near to use canister, the balls being " carried 
in " in large pro|x)ition5 : and to remedy this defect they have adopted an embi*a^uro 
into which tho projectiles can only enter through a small opening, the width of the 
throat itself. Bnt in tiioirnow onihrasure the masonry is weak at the throat, and 
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liahle to bo destroyed by heavy oixluance, so much so that tJiey have to strcngtlion 
it by wrought iron slabs. Exjtcrimcuts are still going on, and it is tliuught that 
we shall Sfion possess endirasures coated with iron, really shot proof. 

To prevent small shot* entering tlio embrasure, iron mantlets or shutters arc 

Fia. 701. Fio. 70S. 



advantageously omployed: thoy arc kept olosod whilst the men are loading 
tliu gint. 

(377). Macfiic(mii8. — Wc liavo already spoken of tho use of machicoulis (344), 
and wc now give an ajiplicalion of loopholes and matilucoulis, as iux>j>used by 
General Dufour, for a tower of 24 feet radius, destined to be defended by a 
garrison of 40 or 50 men. This arrangement is advantageous in moantainoua 
dislriets (358). 
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SECTION IV.— Casemates. 

(378). Casomatos, or vaolta dostined to protect troops agamBt vortical fire, and 
comtructod under tiio nunparta or olscwlieref form an excellent addition to all 
fortification; but opinion is divided on casemates forguna intended to jierforra an 
im[x>rtant part in tho defenoe. They have found strong advocates since the 
discovery of ricocliet and tho employment of vertical firo, and it is argued in 
thoir helialf liiat l>oth gunners and guns are safe agaiuBt such fire, and that by 
placing casemate alrave naflemafe the defence may acquire a great 8U|wriority of 
fire over the attack. But il' a Ciisemate eouunands a view of tho approaches, it is 
oxptMod to direct fire, tho wall la easily bi'oachod, and the shot that enters through 
the embrasure cauHoa much liarm : besides^ the auioke is always moro or less 
tronblesonie. ^Tiatcver bo the system of ventilation adoptc<l, it will hap|>en in 
still weatlier, m is oilen found in tho ditches of a fortress, tliat the smoke will 
remain many minutea outaidc, before the mouth of the embrasure. The casemate 
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is almost m the dark, nothing can be socn^ and the preci^on of fire cannot be 
relied upon. Therefore, of two batteries of equal force, one on the ground, the 
other casomated, the latter will be under a disadvantage. As fur the suijcriority 
of fire, it is a doubtful question^ for it vvuuld imply an iimnenae expense to 
construct stories of casemates on every front exposed to attack, as well aa an 
immense amiameut; and oveu then, the besieger, instead of superposing his guns 
in one battery, could ejiteuJ then) horizontally, thereby presenting a more 
uncertain aim, and often avoiding the range of the embrasures, whilst every on© 
of his shots wotild tell on the stories of the casemates. The great armament of 
the defence will only necessitate more powerful battering truns than have been 
hitherto employed. 

As accessory means, however, casemates are excellent. Thoy should be 15 feet 
wide and \5 lung when open on the rear, ur 20 when closed: the height of 
the vaults should vary from 9 to 13 feet. The piers of the vaults are 3 feet ttiick, 
and are pierced with lateral openings to give room to the men and facilitate the 
circnlation of air; and vents or chimneys should bo so contrived as to permit 
the smoke to escape fi'eely. The embrasures have the shape of loopholes, and 



Fia 70S. 



the genouill^'e should be made as high as possible to protect the men &om any 
shots tliat may enter through tlie embrasiu-c. 

(379). Geiit;ral Hu.xo, a French officer, has proposed casemates that bear bis 
name; they have been constructed at Grenoble and otlier fortresses. They coiutjst 
of a vault thi-nwn over the gim situated on the terreplein of a work, but not over 
it^ embrasure. It is open at the rear, and acts as a traverse. The checks of the 
embrasure are revetted with fascines. The fire is thus less plunging than from 
guns in barbettes, the smoke circulates freely, the masonry is not exposed, but the 
merlons do not present a great resistance. They are 12 feet wide by 18 long, 
and 9 feet high ; and above the penouill^ro they are only 6 feet high. Those 
dimensions are too small, and as the gcnouiUere can only be 3 feet high at the 
utmost, the gunners are exposed. 

D 
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If « represents the top of the cscar]), *c tlio exterior slope, and cA part of the 
Bupenor slop) of the i>arapct, tlie utuicmate is contaiiiud by Iht- wall b in ljnrie<l 
in the para|>et-, and the wall pq which is pien;cd with a large hole for the passage 
of the smoke, A slope of earth ch covers tlie masonry. On the roof of the 
casemate stands the new parapet Ao/), which may servo for a second tier of gnna. 
Wells p qra pierced through the toiTcpIoin couuect the scvui'ul caaemates of a 
battery, and give issue to tlie suioke. 

The advantages posseiised by these casemates are great: thry take up hut little 
space on tlie terroplein, which remains suthciontly lai^e or i^uires hut little 
rembloi to afibrd room for a second tier; their embrasures may Imj marked by 
sods, so that they may be ooncealed till the monieni they are called into play, and 
the garrison finds bombprpof covers. Tlie earthnn embrasures do not, however, 
allow 80 wide a range aa those of ordinary casemates. 

The wall iu the &ont is Btill liable to be dostroyod by direct fire^ and this 
defect it is attempted to remedy by coating the exposed part with iron. Until 
ibese attempts prove succes.sful, it is prudent tu construi!t Iheso casemates on the 
parts of the rampart which are not likely to be exposed to din«t fire, Tbo vault 
lowering towards the front impedes the gunners; to avoid this, in recent con- 
strnctions, it has been made of uniform bcighL The rear wall is also supproRsed. 
The annexed figure represents a casemate for two guns as executed at Gosport 
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constructed inside the walls. The ai*ch h prott-cted by 3 feet of etii'th, and tlie 
roof is made of sheets of lead. As there must always bo much lead kept in store 
in fortrcftsos for the casting of bullets, the metal may as well be kept in sheets, and 
Uiua serve for roofing, thereby saving the cost of reimirs entailed by ordinary roo^ 
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(380). The presence of water, despite its inconvenience in some respects, is 
iieverthelosa advanta<reoDS to the defence, and often rendem it possible to simplify 
the fortification. When, for instance, water is found 2 or 3 feet below the surface 
of the ground, it is hardly possible for the enemy to construct bis approaches, luid 
the fronts, no lunger liable to attack, may consist of an unrevetted encointo with a 
long curtain and small bastions, a wide wet dit^^h with at least 6 feet of water, 
and a covered way. 

If water is found at a greater deptb, at 6 or 10 feet, the pnnciplos of Ccchom 
(296) may bo applied. The enceinte consists of a small front; the eiscarps are 
revetted, and 18 or 20 feet high, the ditcli is 20 yards wide, and its bottom is 
kept just above the level of tbo water, so that the enemy cannot sap through it. 
Before it, stands a second enceinte formed of nnrovetted countcrguards and a lenallle 
similar to those of Vauban, prece<led by a wet ditch about 40 yards wide. The 
ravolin is similarly organised, having a nsvottod scarp, a dry ditch, an unrevetted 
counterguard, and a wide wet ditt:h. A low covered way surrounds the whole, 
but its re-entt^ring angles are not suiHciccitly deep to recHJive redoubts. But 
when water is 12 or 15 feet below the ground, the princlplfts of the tracing need 
not be modified, tlie relief alone alters and becomes less, since the flanks need only 
pi-escrvo a view of the surface of the water. The ditch 18 or 21 feet deep, has 
an escar|> raised 18 feet above water. Although it is preferable tliat tlie masonry 
should be carried to tJie bottom of the ditx:li, yet reasons of economy sometimes 
require this 1 6 feet scarp to be erected on a berm 6 or 9 feet wide loft on a level 
with the surface of the water, bnt this can only be done in good silicious or 
ealcarcons soil. The tenaillo needs no revetment except on the wings. The out- 
works are constructed eitlicr with dry or wok ditches. If their ditch is dry, 
the construction requires no alteration, but if it i« wot, the i-a^'elin may be left 
altogether unrevetted and ita ditch widened. The redoubt is still rc%*ettofl with 
its dry ditch, but is necessarily smaller on account of the space occupied by 
the eaithcni slopes of the ravelin. At last the glacis, on accouut of the reduction 
of command, must not be more titan 6 feet above ground, because it would otlier- 
wise necessitate great remblais to tlirow up its glacJs. 

The communications across wet ditches may be carried by means of light bridges 
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Ds already explained (152), or by boats. In some French places however, 
thoy are organised a& follows. The great postern opens on a level with the watfir, 
and a boat placed lengthways leads to (ho tcnaille. To tliis work 13 attached a 
double caponier, the glacis of which arc replaced by parapets ; it extenils to within 
ten yards of the gorge of the redoubt of tlie ravcUu, aud is at this extremity eappod 
with two oblique traTcrscs that limit ttie passage inside to 3 yards. The obliquity 
of tliese traverses enables the enccirto to flank the (MUpuro of 10 yards that sepa- 
rate the cjiponier from the redoubt Occasionally this caf»onier is replaced by a 
canal with defensive ban<fQctte3. A small bridge or a boat leads from the capo- 
nier to the redoubt of j-avcUu. 

Wlion the ditch of the redoubt is dry, the usual poslcms and rampa nro 
employed, but when it is wet, a berni 9 IVret wide, follows at a level witli the water 
the i^rofilc of tJje redoubt, and the gorge of the ravelin, where a coujnire of 8 yards 
is again crossed by means of a boat, and is produced as ^ as Uie gorge of tho 
i-cdoubt of re-cutcriog jdace of arms. The throe coupures between the curtain 
aud tenaille) between caponier aud redoubt, and along tho gorge of the ravelin, 
are deemed sufficient for security, but this system can scarcely bo called an 
improvement ou tho old method. 

(382). InundatioM secure against attack the fronts they surround, and permit 
a more vigorous defence to be made on the others ; lliey pi-otccl Uie neighbouring 
bastions from enfilade, and when they extend both above and below tho place thoy 
hinder the inveatmont, interrupt tho communications of the enemy, and obhge him 
to construct bridges. When tlicy are extensive, some lunette or redoubt erectod 
some 60 or 80 yards from the shore, will often render tlio advance of the enemy 
impossible, or if tho salients of the trace are protected by them, the enemy is 
oompellod to attack the long intermedJury sides as at Strasbourg. Their expenso 
is not great when compai-cd with tlie advantages thoy insure to tho defence, and 
their only disadvantage is the unhealthy condition in which the garrison is placed 
by pools of stagnant water. 

In marshy and low eountries, nataral inundations are sometimos produced by 
lakes and [londs, but the depth is rarely suificiont to ail'urd security. The most 
favorable condition is when a river traverses a plaoe erected in a vnJlcy, the tudes 
of which havo only a small inclination, more eeiKJcially when the fall of tlie bod is 
not groat 

Tho dispositions most generally adopted are as follows : —The course of the 
stream is intercepted at its entrance into the place by a sluiced dam or barrage^ or 
what is better, by two of them in case tlio enemy should destroy one. The first 
oonstrueted on the eoimterscarp A, is tuilled sluico of " rotonuo" or of " priso d*eau," 
die second made umlcr tlw nini|iart, or fiuther in, if noceasary, is called sluice of 
"soreti*' By closing sinice A, tho water risa« on the bed, overtlows and fonns 
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an inundation abovo tiie place. ThiH inuudation is maintained at a projKir depth 
hy dams defended by advannec] lunettes. If when the sluice A i.i open, B wore 
alao opgned, wat>er would enter the ditches, bat it is not permanently allowed, 
because Ibc mud deposited, would In time, raise tlie bottom. Cntardcaux D> C, 
above, and D', C, below, prevent tie water from entering. Inmidatiuiis below iho 
placo are also advantageous, although tbcy ore more exposed to destruction by the 
enemy ; they are maintaiDed by dams across the valley, and fed by the iuunda^ 
tion above, cither through aijuuducts or wasto-wpirs. 

Auxiliary dams may besides be thrown up, both abovo and below, to cover a 
greater sarfoce of ground, but they rcfiuiro woiks for their protection. 

In some cases the inundation above the place may serve to 6oad the valley 
below on a sudden, by merely opening the sluit^s of " retenue" and of '* surety** 

Besides llio protection due to tho^; inmidiitions, the dispositions of whic-h vary 
with every place, water provides active means of defence for tlic ditches. 
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The batardeaux D and C, are provided with sluices called flood gates, aud those 
D',C', witli sltiicGS named sluices of" fuito," which pcmit the garrison to fill and 
eiupty the ditches at will. When a place Is tlireatoned with a aiego, an inundation 
is effected, and the ditches are kopt full till the latter pari of the invcstiueut ; bat 
when the enemy has begun his approaches the water is let off to facilitate the 
communications and tho sorties. When the Ijcsieger has fairly advanced, his 
passage aci*uss tho ditcli, the Hood gates arc oj«ned and liis work ia destroyed by 
the impetus, and weight of the water; tlic sluices of fuite may then be employed to 
empty Uie ditch for the purpose of repeating the manceuvre called " chasso" by 
the French ; or the ditch is kept full. The besieger having made a firesh descent 
and constractod a bridge across the ditch, tho water is let off through tlio sluice of 
fuite, and through the Qvod gates too, wheu an impetus is required, aud the ditch 
ia Bgiun ctejire<.L By those or similar measures the defence may be protracted. 

When the volume of water is not conbiderablo, intermediary sluices forming a 
sort of locks in the ditches may be constructed, so as to give chasses withoat 
draining the inundation. 

(383). The barrage, aa wo said, is made either under tho arches of a bridge in 
the town or under the rampart The mo^t simple consists of sliding beams which 
are let down one by one into vertical grooves cut into the piers ; two pairs of 
grooves in front and two in rear of the arch are usually cut, and the interval 
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between tho two barrages may be filled witli earth. Every beam has a ring near 
each of its ends, so that by means of a hook, it may be removed or let down to 
keep tho water at the requiHitc level. 

Sometimes the grooves receive a gate which is raised by a crab or by winches, 
but the pressure of tho water renders the working diitioiUt* 

Another sort of barrage is mode with vertical beams ; a strong wooden structure, 
R bridgo for instance, is nni across the be^l or between tho arches of a stone bridge. 
The beams are thrust into the river one by one at on angle, as sfaonn in the 
diagram, the stream acting on them brings them to the vertical, and their lower 
cxtromitie« rest on a sill made either of wood or of masonry. 
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Such small sluice, liowerer, do not give passage to a great maes of water at a 
time, (md tuiiiiiig-gatcs are preferable for tlie ** chassos.** A gate A B tarns 
i-Quiid a pivot C, nearly but not exactly iji tlie miildle, so that the pi-ossuro on B C 
the greater side kucpa it aliut. A small vane dd cat through R C, may be miaed 
either by hand or by a crab, and the sorfiioe pressed I)y the water becomes greater 
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on A G tlian B C, and the gate \f, thrown open when it la kept fixed to the hurters 
\K To close it, the vane is let down, a little impulse is given to the gate, and 
the pressure of ttio stream soon shuts iL These gates easily get out of order. 

Dams vary iiiucli in nature, and arc made cither of cartJi as in the field, or of 
masoury. Whon they are roquired to maintain the inundation at a constant level, 
wflstfr-weirs ore prepared on tlie whole or part of their lengths. The down side is 
made eitlier at a small angle or of two arcs of a circle, to prevent the formation 
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of pits or the oceurpcnce of accidents which might injure the work. Sometimes the 
dam consists of a vertical wall, and the water runs o\-er an inclined i>longee forming 
sally, and as the deptli bulow should l)o e<]ual to the height uf the fall, a small 
ditch or hollow must be excavateil. Tn some localities tliu weirs ai*o like UkM 
which wo have spoken of in Field Fortification. 
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(384-). Tho execution of purmancnt workB differs from tliat of field-works : it 
requires a long timo to coDstruct a fortress, and costs the State no small outlay, it 
is thcpofore imiiortant that tlie project nml estimates should be eai-efiilly studied 
tieforeliand. It is a long and tedious task, and one which exclusively belongs to 
the pro\'inco of the military engineer, so that we shall only say a few words on it 

The ground is represented on pn|)er, at a proper scale, with tJie horizontal 
contours, the tracing is made on that plan. Every part of the fronLi is dbcusscd : 
the organization of the mines and of tho water defences is prepared ; the reliefs 
and tho commands are also determined, and it is only after many attempts and 
trials that the [)hui can lie satisfactorily settled. But this is not all, the deblaia 
must balance tlie rcmblais. Both are valued approxiniatively by the prismatic or 
the centroljarique inethwl, neglecting the foisonnement, since tliere i» no incon- 
venience in making tJie parapets a little higher than they should bo, if the earth 
has time to sink and settle. It is necessary that each part of a front, and if 
possible each face, should be constructed of tho earth iuunediately before it, as 
Uie transport of earth from a distance occasions a loss of time and an increase of 
outlay. It is tlicroforo after many trials that a satisfactoi7 soludon of tho problem 
will be arrived at 

Tho plan or project being so far settled, tho next step is the calculation of the 
the expenditure for the excavation, the transport of earth, the construction of 
masonry-, parapets, &&, &-c.. so as to present an estimate of tlie total cost of tlie 
fortress. 

It is only when this estimate is completed tlmt the Grovemment can discuss the 
propriety of executing the work. 

With reganl to the tracing on the ground, It is done by methods similar to those 
resorted to in the field, but with more accuracy. 

Before concluding, we may add that in every country special laws prevent 
tho iiibabitanta of a fortified town from erecting buildings tliat would hinder free 
circulation at iJie foot of tlie ramparts, or obstruct the space necessary for the 
defence and tlio communication. These laws also prohibit building, excavating, 
or planting outside the place, at such a proximity to tlie fortification as would 
afford cover to the enemy during a siege. The roads, canals, railways, &c., pass- 
ing tiu-ough fortifications are liable to certain restrictions, and theso matters are 
usually settled by a ooiiiiiiissiun consisting of military and civil engineers. 

(384a). In urder to conqmre the relative values of fortressuti, Ourmontaingno 
omploye<l a metJiod known as tho " scale of cmnparuou.^^ It couaiets in attacking 
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oil paper, without taking Bccidcnts iuto account, the fronts to bo oompared : the 
besieger is supposed to carry^ on liis approaches according to general rules, as he 
would befure a gariison determined to defend itself, and to employ for each con- 
struction of batterie«i, trenches, &c., the average time wliieh tlie ex]>erience of past 
sif^es has given us ; the garrison, on the other hand, is supposed to do nothing 
besides the ordinar)- lighting, and to make no sorties, mines, couutor-approachos, 
coupures, retrench men ts, &c. The duration of the defence forms the scale. 

Genera] Foureroy* attempted to improve tliia metliod, hnt he fell into a great 
error : he compared places by their momenls^ namely the quotient of the number of 
days of dofonce by the cost of one front Those days which he admits into hia 
calculations ns having the same value, it is in reality almost impossible to com- 
pare : Uie advance made and the loss suSbred in a day of the first parallel, bciiig 
widely different from those of the twenty-four hours employed in crowning the 
glacis or forming a lodgment on a breach. 

Tho method of Cormontaingnc may bo employed advantageously : of two fronts 
coating the same, the better will be tliat which is capable uf a longer defence ; 
tho less a front costs and the longer a defence it is capable of, the better it will be. 
But it should be understood that this method gives only an approximative idea, 
and tliat the duration of the defence is a minimum. Two very important items, 
viz., the energy and talent of the governor and the enthusiasm of the garrison and 
population, are overlooked. 

This calcnlalion of the proViablo duration of tho dofenco for fnrtrcascs of dif- 
ferent systems on ^-arioua polygons, has had this inconvemeuco, that governors of 
places becauio imbued with the notion tliat tlicy woro not bound in honour to 
defend tliemselves beyond that time, so much so, tliat Na)K>leon complained of it 
when in 1809 he requested Carnot to write, " on the defence of fortressea." 



* Foarcro)' CChuiet R«i>6 d« Kamocourt), born 1715, diod 1791, wu a ti&neml io th« Knndi 
EiigitiMin, nnd » ootiteiniwrurj' of Cormotitaiugue. 
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CHAPTER IXm. 
PRINCIPAL BASTION SYSTEMS. 

(385). Bousmanl (484), in 1797, published a syBtem which possessefi pemark- 
alile featares. Having traced tlie enceinte of Vanhan's fii-st system, he divides 
the crest B C of the flank into eight oqxial parts, and llio original face into the 
same nuDibcr, being respectively 6, 8, 10, 12, 14, 16, 18, and nearly 20 yards in 
length. 

The new faeea will be composed of eight broken lines, obtained as follows: 
through the first division of the Hank, and the opposite shoulder angle, draw a 
line and produce it as far as m, where it is met by the perpendicular drawn 
upon its direction from the first division of the face; tiirough the second division 
of the flank and that extremity m, draw a line, which will likewise be limited in 
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n by a perj>en<liculsr dropped on it from the second division of the face; through 
tlie third div-ision of the flank and n, draw a line, limited by the perpendicnlar 
dropped from the third division ofthe face, and so on. The flanks arc aUo traced 
on a curve obtained by drawing from the angle A of the cresbt a perpendicular 
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onotigh to protect tlie parapets beliind, without preventing them from scoing the 
foot of the breach. The curtain only has a parapet for musketry. 

l^his is on excellent outwork : the casemates arc skilfully disposed, auJ tlieir 
rear is protected by the shoulder angle of the bastions. 

The main ditch is reduced to 20 yards, in onler that the defenders may 
throw hand grenades into the lodgment of the enemy on the covered way; bat 
as these lodgments are nearly 40 yards distant from the crest, it is doubtfiil whether 
grenades could be thrown so far. 

Tlie covered way is traced en cremaiU^re, and extends along the couuterseai-p 
of the main ditch. Tho traverses have the form of rodans, and oontiun loop- 
boled cascmatos, from which a fire of muskotty may be directed along the covered 
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way. At the extremity of each traverse apaa detouria establishes communication 
between the covered way and tho main ditch, and each casemate is provided with 
a staircase, wliich communicate« with tJie gallery of traunterscarp, into which the 
defenders can retire; from that gallery they withdraw through a vaulted traverse 
erected along tho passage of the double caponier. Bousmard calculated that this 
disposition would strengthen the defence of the covered way; but the casemates 
are so low that their fire cannot do much harm to the enemy on tho glacis, whilst 
the enceinte b prevoutcd from firing for fear of injuring tho defenders exposed 
on the ban({uctte of the trarcrsos. Besides, it would oatise a great outlay, on 
acoomit of the masonry. 

Between tlie two central traverses tlicre is a ro.«ntering place of arms with a 
revetted reduit. 
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The salient of tliiB work is 55 yards distant from the lino of front, and the 
faces, 60 yards long, arc directed on points at 55 yards from tlie shoulder angle 
of the bafition. The flankft are parallel to the perpendicular. The main ditch 
is 20 yards wide at the salient, and its counterscarp is directed on the shoulder 
angles of the caponier. In the wide portion opposite the shoulder angle of 
bn^tio]!, there is an interior glacis sloping downwards from the baation as well as 
from the caponier, and protecting the masonry of thesie works. 

The tenaillo is similar to that of Bousmard, and the casemates are constructed 
for 3 guns. The covered way extends along the main ditch, and Is not exposed 
to ricochet. Its reduits arc caseniatcd polygonal redoubts. The redoubts of the 
re-entering plac<» of arms close the opening of the tenaille, so tliat the enenay 
cannot, from the glacis, hn-nch the curtain as in Bousmard, 

The salient of ravelin is 240 yards from the front, and tlio faces arc directed on 
points at 100 yards from the shoulder angle of bastion. It is defended by a case- 
mated reduit, and has a covered way similar to that of the main ditcli. 

In order to render the defence of the covered ways more energetic, Chassclonp 
recommends tlie construction of a double row of casemates on the ram]>art of the 
ravelin and of tho bastion?, the inner row to lodge troops, the outer one to contain 
guns firing through embrasures cut below the level of the ci"ost of the glacis. 

The bastions contain }x;raianenL retrenchments and defensive barracks. Although 
the revetments are higher than iu Bousmard's^ yet the ravelin and the rcduit are 
exposed to the same danger. 

E K 
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(387). General Noizet (487) in 1822 altorcij Cormontaingne's tracing, and the 
modifiitl system is now tanglit in the French military schools as the Noixot?» 
tracing or modern system. The enceinte is nearly the same, except thtit the 
flanks lire tntccd like those of Vuubaii. The nneliii^ 4^ yards moit; salient thun 
Cormuntaiugne'g, bus an angle of 60^, which enables tbe bastions to »ec its glat^is 
in flank ami reverse. The faces terminate within 10 yards of the line of front, 
thereby affording a safe passage to the redonbt of re-entering place of arms, and 
permitting tlio ilanks of (be rednit of ravelin to see the countei'-batteries. Kaoli 
face has u roupiuv. 
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The reduit of ro-ontcring place of arms is Urger than in Cormontningno ; and 
the ditcli of tho interior fuco is well flanked by tho hjution. It must, however, be 
observed that tbe exterior face is exposed t') rieoclicL, which was not the ease in 
tho original tracing. The scarp contains a loop-haled gallery. 

Tho opening of the ditch of the ravelin is closed by a mask of earth and masonry 
enctcil iKJtween the cnni>iircs of the ravelin anrl ilic reJuIt of place of arms. lis 
inner edge is f'urmud by tlie C(mulur»airj> of tlie main ditch, which is pnxluoed as 
fur aa the ravelin. Tite surface of tliis maak has a double slope which onublea the 
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bastion to see the whole ditoli of ravelin. Before the maak» and sopnratcd by a 
small ditch, is a caponier of earth forming a covered way and glacis. The 
masonry of ilie biistioii is thus well protected. The shoulder angles are covered 
by trnversi's wjnstructwl at tlie extroinities of the tennille. The covered way is of 
the same nature, but the tracing of the traverses and their crochets is complicated 
by geometrical constructions. 

The cuinmand diflbi*s little from Cormontaingiic's. Noizet gives an increase to 
the sAlientd in order to protect the fiioes ag:iinst ricochet 

All these modifications are decidedly improvements ; the enceinte powerfully 
flanks the outworks^ and the communications are safe; but as the alterations hear 
merely on points of detail, it is doubtful whether they would seriously increase 
the duration of a sit^. 

(388> Dufour's system (488). 

The enceinte is traced as in the modem system ; the ditch is 30 yards wide at 
the salient of the hastJun, and tlie couutersearp is directed on Uie shoulder angle. 
The ravelin is considerably altered by the cnxitiou of a. eavatier or bonnet, 24 feet 
high, at its salient This mass is destined to protect the artillery of tlie ravelin 
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which is on a level with the ditch. The flanks are more looit-holed walls 6 yarda 
wide, and 3 feet thick ; the loopholes aro at 9 foet from the ditch, and a hainquette 
enables the garrison to use them. Each wall baa a door, wide enough for the 
passage of artillery, leading to the ditch ; it is closed- when the enemy has taken 
the ravelin. As these flanks cannot bo seen from tJie lodgments, they liavo 
nothing to fear from artillery. 

This disiHwition of the re<hiit permits tho defenders to hold the redoubts of the 
reentering places of arms, after the fall of tlie former, since their ten-eplein cannot 
be seen. 

• The reduit has a command of 6 feet over the ravelin at the salient, and 1 \ feet 
at the rear, so that its plane of di'HIade passes above the lodgment of tho cavalier. 

The covered way is 10 yards wide, and has four traverses. The tliree first are 3 
yanJs thick, and the last 6 yards. T!ie first is traced as usual, the second is also 
oblique, iu order to enable the cavalier to see its exterior slope; ita position is 
found by dividing into 3 eqnal partis the length of the counterscarp contained 
botw«'en the first and last traverse, itnd directing the crest to 10 yards from D. 
Tho last, however, can only bo traced after tho re-entering place of anus. The 
pan-coupfi at the salient is 10 yards long. The crochets are made aa in Vauban's, 
and are revetted; thoy sen'e for the passago of infantry, whilst artillery ascend 
by tho ramps constructed at tho gorge of the places of arms. There is no pali- 
sading except at the salieut. 

In order to close the trou^ of ravelin. Gen. Dufour unites the coupuro of 
ravelin with the reduit of re-entering place of arms, so as to form only cue work, 
the escarp of which is protected by a glacis erected iu the ditch. To trace this 
reduit, join the salient A of tho cavalier to a point O on the capital of the bastion> 
at 25 yards from the flankod angle : it gives the count^>r»carp of the exterior face, 
while tliat of tho interior, one is obtained by drawing tJie perpondicular P Q to the 
^do of the primitive triangle. Parallel to the oountcrscart>s and 7 /artls in rear 
are the escarps. 

The cavalier protects the exterior face against ricochet : the interior one is 
covered by a bonnet at the salient, 3 feet higher than the jmrapet, and by a 
traverse of equal command along the face and in the prolongation of the parapet 
of tlie ravelin. The bonnet covers 3 guns, destined to flank tbc ditch of the 
ravelin, and to contribute, with those on tlie bastion, to opjKtse the construrtion of 
batteries at tho salient of the covered way. The traverse covers 2 guns that sweep 
the tcrreplein of r&velin. To prevent tho enomj, onoe established on tho 
cavalier or in tlio reduit of ravelin, ftora taking tlie exterior face at reverse, tliis 
face has a slope of 5 feet to the rear, and llic parapet of the interitir face has the 
same conunand at the salieut of tlie reduit of tlie ravelin. The rampart of the 
interior face must also elope to tJic rear to insure the defilade. Tlio cscaqis arc 
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18 feet htgli, and Uio parajici bus a command of 9 fccL 'Fbo rampart, inclading 
the interior slopo, la 10 yardn wida, and is supported along the interior face hy a 
revetment, which tlie defendei-s can pasily destroy hy anillery if tlie enemy at- 
tempts to make a lodjrmcnt: on the exterior faco> which does not present a 
favourable position to tlio enemy^s hattcncs, on carUicu slope is suiHcient As itt 
the reduit of ravelin, tho ten*eplein is on tlie same level with the ditch. A large 
ramp along the revetted face leads from that terreplein to the rampart. A postern, 
on a level with the terreplein^ leads to the ditch) and from that ditch a ramp leads 
to the covered way. Anotlicr ramp at tho gorge of the reduit, leads from tbo 
main ditch to the terreplein, thereby affording a short passage to anillery from 
the plftoo to the covered way. Tho revetment wall of the extremity of tho interior 
face is prodncod to the main ditch in c)rder to prevent surpriiie, and to protect 
the work againat the musketry fire from tho roduit of ravoltn. A gate oppoute 
the ramp enables the garrison to communicate with the ravelin. 

In tlio ditch of the ravelin, a traverse forming glacis pi-otccts tlie escarp of tho 
nxlnit of tlie place of arms against breaching battcrlos, which the besieger may 
oonstniot at the salient of the covered way. A passage of 3 yanis is loft between 
this glacis and the ewmrj-* nf the ravelin to prevent tlio enemy from e^calading the 
latter, and to enable the garrison to oommnnicate between tlie ditch of the ravelin 
and that of ita reduit A strong gate closes tlie passage, which is covered by tho 
shoulder of the cavalier, and a little gallery constructed under the fcravei*$o Hanks 
that gale. 

The re-entermff ptace of amu is traced from tJie point H, the intorsectioa of 
the counterscarps of bastion and ravelin, ad a centre witli a radius 10 yards longer 
than II Q. Two circular sally-ports lead to tho glacis. The crest of tho glacis 
of the bastion and of tlte ro-entcring plaee of anus, has a command of 1 J fuot over 
that of tlio glacis of ravelin. The enceinte in this system can sweep tho re-enter- 
ing place of arms with it& guns. 

Tlus system jwsscsses many advantages. Tho besieger cannot breach the 
enceinte from tho crowning at tJie salient of tho covered way of tho ravtlin ; Uic 
reduit of the re-entering place of anns is large and well calculated ti> dii^putc the 
poeewmon of the ravelin, and as it dfxts not mask tho fire of the bastion, the oii- 
ccinto can sweep llie glacis; tlie ditch of that work is flanked on both sides, viz., 
hy tho bastion and by the flanks of the reduit of tlie ravelin; the narrowness of 
tho t(->rreplein of the outworks does not ailbrd room to the besieger for tho con- 
gtrtiction of batteries, and he must crown tho covered way of tho bastion in order 
to breach the enceinte, a great advantage for the dofenco, since the garrison will 
have only one bread) to defend. The defence on this system is calculated to last 
4t> dnvH. The cunmmnicationfl are easy and practicable to .ill anii5, thereby 
facilitating the sorties. The enemy, compelled to constnict direct battcrica, will 
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cunsntne moro auiinuiiition, ho will besides loso time and labour in giving his 
trenches a grejit command, since the pluce lius a great relief, and tJie defence being 
simpHfiod will become more energetic. The outlay is not greater than in the 
modern system, because if on the one hand the mass of the cavalier and an 
increased relief necessitate greattir remblais^on the othor there is a saving of 2000 
cubic yards of masonry. 

It 19 to bo rcniarkwl, however, that the oavallor prevents the dofendera from 
placing artillery at the salient of the ravelin, where its presence is bo important, 
and that Ihoreduit of the ravelin has no room for guus. 

(389). 0ioumara (489). In 1827 Choumora published some " Mcmoires sur 
la Fortification," a new and enlarged etiltion of which was reprinted in 1847. It 
is therefore to the former date, and even to 1824, when his memoircs were com- 
manicated to the corps of Engineers, that this remarkable rolnmo sliould lie re- 
ferred. Thin priority of date is important, as Iwtwoon 1827 and 1847 spurioos 
imitations and plagiarisms were brought before the public. 

This work has not been translated into English, and should it be, but few 
offioers of the line oould thoroughly understand its contents, and ap]>rpciatc its 
groat ralue, through want of a knowledge of that branch of mathematics on which 
the drawing of plans id based. To those of my readers who ai-e already conversant 
with military di-awlng, and who are acquainted with the elementary principles of 
Fortification, I cnnnut too strongly recommend a serioos perusal of these 
Memoires, fur Llie science at the present time docs not extend any further. 

Instead of offering a new system, as his predecessors too often did, Choumara 
proposes new and general prindples, applicable to all tlio systems eitlier past, 
present, or to come. 

(390). The two chief principles are : 

Ist. The reciprocal inde))endence of lli« parapets and the escarps. 
2ud. The construction of an interior glacis In the ditches. 
That which distinguishes Choumara fi-om other writers on the science, is the 
objection he has to supersede everything by the intnxluction of a now system ; 
his constant endeavour is to modify the fortresses already extant, in ordpr to 
increase their power of resistance. He always athrms that he lias no system. 
In fact he has given principles, deduced consequences therefrom, and generalized 
them; and, although he has grouped together a few combinations suscoptihio of 
presenting a formidable enjtemble, yet he by no means consider?! thoni as an in- 
dinsiblc whole ; tliese combinations, ho says, can be adoptetl eitlier partially or 
wholly, according to eircumstanoes, and the engineer may select the special 
improvement required for the particular fortress entrusted to bis charge. 

Starting from the two principles above mentioned, he leads us to the discovery 
of rarious combinations arising thci*efrom, which may !« employed iu the 
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orgiuiization of a place from tho most simple case, that of on cnoetnte without 
eitlier outwork or interior intrcnchmcut, to tho most complicatud one> that in 
wliicb, having at disposal both space and money, a complete fortress can bo erected, 
liaving — 

1st. Ad cnocintc, with an interior glacis in its ({itch. 

2nd. A general intrenclmicnt against an exterior attack, composed of the com- 
bination of the military buildings with basdoneil towers, forming themselves good 
bomb-proof barracks, and so disposed as to favonr the interior defence, should 
the onomy enter tho place. 

3rd, A ravelin, with a ditch and its interior glacis. 

4th. Some redoubts in tlio salient places of amis of the bastions and ravelina, 
whose covered way also contains an interior glacis, forming at will a basin of 
inundation, that is calculated to oppose the eonstimction of tho batteries destined 
to broach the salient redoubts, to submerge the descents into tho ditch, tho mines, 
and even the trendies on the es.tcrior glacis, thus Irausibrmed into a deversoir. 

(39]). A striking feature of Choumara's principles is the superiority which 
their application tends to restore to the defence over the attack. With him, in 
fact, the escarps are only destined to prevent an attack by surprise ; they are tho 
permanent part uf the Ibrtifiuutiun, whilst the para^^uta constitute tlio temporary' or 
moveable part. Tho masonry forms tho enclosure of a field of battle, in which 
the garrison will 6ght at advantage, tlirowing up earthen para{>ets now in end 
direction, now in anoUier, following stop by step the progress of the besieger, 
counter-attacking him by tho construction of new parapets var^'ing with the 
circumstances, and assuming an active part instead of a im.ssivo one. 

Let OS paaa in review some uf the consetjuences which we may derive from the 
first principle. 

(392). The parapet may be made circular at the salient of tho bastion, so aa 
to 6ro on the approacliea carried along the capital 

Kio. 7M. 



The advantaget of fronts in straight line (306) are at once obtained in tracing 
the parapet on directions whose prulongatiunti 01*0 intercepted by tho ravelins. 
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guns, may be organized all round the enceinte ; or at those points where an over- 
wlielraing fire of artillery is judged necessary, as in the right bastion (fig. 738). 
The parapet of the bastions and ravelin may, in fact, assume any such tracing 
as the requirements of the defence rendor most advisable. 

FiQ. 741. 
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only ones which con be properlv retrenched : it is for the same reason that lio 
gives to the uiirtiiin the niinimum length. He strongly insists npon the cliemin- 
des-romleii as (]t;stlnetl to prevent the parapet from falling, and rendering the 
breaches practicable. 

At tlie salient of the bastions he establishes casematod traverses 20 ic^t high, 
to arrest the ricochet : ihey can bo destroyetl when abandonoci by the defence, 
and they give fire on the capital as well as on the lodgment at the salient of the 
ravelin. Such traverse may be provided with a pampet on the top. They oocupy 
less room than the twelve ordinary traverses wliick tho faces of bastion would 
rortuire. » 

(398). The retrenchments in the hn.ttions are organiaod in such a manner that 
the capture of one bastion is not attended with the fall of the place. Evory 
bastion baa a retrenchment towards tho interior of the place, consisting of a 
bastioned front A B C D, with unrevetted counterscarp E H K, and a ditch 14 feet 
deep botbre tho curtain and 24 feet at the extromitieft K and H. A glacis and 
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narrow coverod way surround the ditch. The curtain of the enceinte in D D', 
A A', has no parapet, and the wall is loopholed to procure a %'iew of the deoil 
angle between the flanks and the tenaille. 

The boAtions of the retrenchment bavo orillons whiclt protect the diemin-dcs- 
rondes of tlieir flanks. Under the curtain, aovoral cafleniatcs 60 feet bv 20, sen'e 
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the defence may be prolonged 24 days, viz., 9 dayn tor each of the exterior 
retrenchments, and 6 days for tlio simultaneous attack of tlio isolotc-d bustions. 

(399). The main ditcU is widened to 50 yarda, in order to give room for a 
glacis that will leave a 16 yainls passage between its cresl and the escarp. 

TIic tcuaille is ti-uced as described before. 
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The ravelin has, like the bastion», a chcmin doR rondes, a parB|»t with flanks, 
and it cnsemated traverse in capital. The gorge is not entirely revetted, and 
possesses a wide ramp destined to permit offensive retums. Coupurcs may be 
orgamsed. 

The covorcd way coiuiats of two distinct pai'tti. The first ABODE slants 
fri>m tlie counter»cai'p to the exterior, fonuing glacis, and also from the counter- 
scarp of tJio main ditch towards the salient, where it forms the ditch of the 
salient reduit. It covers the escarp of tlie ravelin a^^ainst the batteries of the 
crowning. The second {>art is an ordinary covered way with glncis, wliich 
contains cajwniors C, C, and no traverw. 

Tho reduit of the re-entering place of arms is providod with a chemin des 
roniles, and a circuUir {larapet ; tlie counterscarp is not revetted. Sonietimcs the 
two adjacent rcduits are replaced by one reduit of greater dimension, as in R. 
The salient place of arms haa a reduit of the same nature, tlio faces of which are 
protected against enfilade by traverses tyt\ The communications (lonsist of ramps 
practicable to all arms. 

(400). These uiuditicalions are calcuJaied to prutrai^t tlio siege. It Is easy to 
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a plan of it engravwl, which ho distributed tn mmo French engineers on condition 
of not rendering; it public. 

The front is 360 jrards long. The perpendicular is only ^, and the faces ^ of 
the front. The flanks are perpendicular to the lines of defence. The bastions 
contain interior i-ctrenchmeiits entii'ely separated (mm the real" by a ditch. A cbemiu 
des rondee Biirmonnts the scarp of the enceinte. In the bastions the parapet 
is removed from tiie wall so as to increase the length of the flank, tn the lefl 
one, which is fiill, stands a cavalier, or high bastion, that canies two tiers of guns, 
the lower of which is casomateJ (h I'Haxo, 379). 

The tcnatUe is not revetted, and it has flanks that can mount three guns. 

The salient of the counterguards is formed by the intersection B B' of the capitals, 
and a line parallel to the front, and at 45 yards from it: their faces are 125 yards 
lungt and their flanks parallel to the perpendicular. They have a chemin des 
rondcs, a coupoire, and a casemated battery in capital. 

The main ditch h 20 yards wide- The ravelin is traced by measuring 17 j-ards 
off the shoulder angle of bastion to d, and describing from that point as c-cntre, 
and radius 250 yards, a <urcle ivluch intersects the perpendicular in D, and 
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joining D d, D d'. It is tims made very salient. A caseuinto<l travorsi 
capita], and coupures are cut across ita faoes. In rear is a reiluit of the 
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ontline, ami behind it a CAfiemated caponier or Ixastionct, tho roof of which 
carries ten guns. 

TLc countci-scarp of tlic main ditch is produced to witliin 10 yards of this 
baationct, and in front of it slants a glat-ia g, tf vrliich closes tlie ditch of 
the ravelin and that of the reduiL A double caponier in tlio main ditch leadt^ 
to the bastion, and is joined to the Hanks of tlio eountorgnards by an iutorior 
glacis. Tho ooTcrod wny contains travci*9cs as usual : the salient place of 
arms lias a cascmated re^lan for a rcduit The rednit of tho ^^-entcring place 
of arniP is also cascinatwl; one of its faces is perpendicular to the counterscarp^ 
the other parallel to it. 

Tliia tracing, in whicli Haxo has borrowed much from Chouinora, and in 
which lie has inlrodnced a hastionct that reminds us of the caponier of 
Montalembert, is superior to that of tlic modem system, and yet not much 
more expensive than a front of tho latter provided with permanent retrench- 
ments. Its siege is calculated to last fitly days, and there are five difttinet 
pt^rinds of brcachinfr batteries; 1° against tho reduit of the salient place of arms 
and the ravelin ; 2** against the reiluit of the re-entering plneo of arms, tho 
conpurcs and tho reduit of ravelin ; Z'* against the basliouct and the counter- 
guard; 4* against the retrcucbmert ; 5** agiiinst the bastion. 

The masonry is skilfully concealed from tho views of the distant batteries, and 
the chemin des rondes prevents tho fall of the parajMJts. The command of tlio 
high bastion, 53 feet, intcrfurcs seriously with tho defilade of tho saps. The 
flanks of tho enceinte have a good length, and those of tho tenaiUo are well 
protcctod by the countorguanls. These are judiciously traced, well flanked, 
and defend the ditches of tlie ravelin, reduit and ba&tionet, &c. Their ooupure, 
however, apjiears useless, l>ccau80 it can bo breached at tho same lime. Thu 
retrenchments in the bastions are not good, because thoy diminish the lengtli of 
the flanks. The great salioncy of the ravelin is well calculated to take at reverse 
the approaches on the covered, way of tlio bastion. The bastionct sweeps the 
interior glacis, and powerfully co-operates with the flanks of the inner works to 
inii>ede tlie constnictioii of tho counter-bat lerios. In the covered way the tracing 
of the re-entering rodnits is good, and tlie casomatod batteries are an excellent 
xnodol) for the details of which we refer to 379. 

(402). It ia now time to forowam military students of a mistake into which 
they may easily be led. It is not in learning how to dniw a gix-at number of 
systems that tliey will acquire useful information. Let them p^Tiise the details 
of several sieges, for tliis, above all, will bencflt them. It would indeed be 
a difllicult task to stnif one^s memory with the never-ending systems daily 
|m>powd. 

We have examined tliese systems which are universally reoognixed as the 



PniNCIPAL BASTION SYSTEMS. 



485 



best, and intentionall}' left aside a great many whic}i liave for a time attracted 
public notice. 

It is not long since new systems were proposed in this country by Messrs. 
Bordwine and Furgnsson ; in Holland, by Major Mcrkos ; in Pnissia, by Major 
Wittioh ; in Spain, by Colonel Horrera Garcia, &c. &c. 

If a etudont will venture into more systems, lot him investigate these as well 
as those to which allusion is made in our concluding chapter. Ho will soon grow 
tired, and will perceive that tliey are not so much distinguished from each other 
by any essential difFcrenco as by their authors' names. Every one who has written 
on Foiiification has given at least one system of his own; three, however, is the 
favourite number. Marchi, an Itali:m engineer, in I.i99, has, indeed, in a folio 
book, otFered 161 difterisnt conatruetious, wliicii he declares to Iw his own, and 
laments the loss of others that were stolen from him I 

Engineora, officers, architects, professors of mathematics, students, and even 
pupils, all have daimeil to he masters of an art, tlie elements of which they did 
nut possess. The claim was easily set up, sinec by taking tlie straigtit Hue aud the 
curve an infinity of combinations are to be made. Some have fancied that by multi- 
plying the flanks they wonid attain their object ; the most modei*atc have proposed 
throe Hanks, some four, olhers s\x, &c. Some will have two encemtes, others cut 
their works inln a number of small ])art3, hoping to strengthen the system by 
increasing its complexity. They all forget the cost, tho force of the garrison, 
and the provisioning; and each will assert tliat a fortress constructed according 
to his system is impregnable. 

Tho outline of a system is nndoubtodly an essential point, but it is not oil. 
A dctei-mined garrison, ably commanded, will perform wonders even behind a 
wretched outline. Metz, in 15S3, had but a single wall and rampart, and adry 
ditch without bastions, yet Charles tho Fitlli, with 100,00(> men, could not take 
it. Tiio Cattle of Mouznn, in Arragon, a mora barrack, garrisoned by only 
100 French soldiers, rceisted (in 1814)3000 Spaniards for four months and a 
half! Vienna, in 1G83, resisted three moutlis the efforts of tho Turks; Candia 
stood out against tJiem ton years; SUistra witlk a Mussa Paclia, and Kaxs with 
a Williams, are still in every one's mind. Lot us therefore licware of placing 
implicit oonfidence in any of tho systems alluded to, and instead of attempting 
to build now fortresses, let us begin by impro\'ing tlie old ones, whenever 
oeeessary. 

Alluding to the great number of systems, General Prevost Vernois says: 
" If we take into consideration the nnmberless systems of fortification which the 
hnman mind, or, if preferable tjclf-complaccncy has invented, and wUU:h are witli 
very few exceptions nearly all equally absurd, we sliall soon lie convinced tliat 
nothing is more difficult than to pniduce a useful and rational innovation. So 
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CHAPTER XXIV. 
MONTALEMBERT AND CARNOT. 

(403). Despite all the improvements mndo id the Ijastiuncd sysioni of fortifica- 
tion since tliu time of Vaubftu, there are yet niiiny important defccta which havo 
indiicdl some engineers to renounce the bastion system altogctlier. They justly 
complain that: — the ramparts aiid the interior of the place are mueh exposed to 
vertical and ricochet fires, which ruin tlie artillery of the defence before the 
enemy reaches the covered way ; the reverse and ricochet fires render the flanks 
of the ha^liuns almost unlcuablb, ahhou^h it is on tliem that tlic dcfrnre of tliu 
ditch and breach rests ; tho communication between the enceinte and the out- 
works is badly organized, and renders difficult the sorties and oifenBivo returns; 
tlio ditclics of tlie uulwurks form openings tlirough which the beaiegor may breach 
the enceintti from a distance ; the paraj^et falls down at the same time as tlie wall 
vhen the breacli is made ; the interior intrenchments are very difficult to construct 
at the moment of need; the labour necessary to put tho place into a slate of 
defence and tu keep it so during the siego is dangerous, exhausting and often 
impossible for tho garrison to accumphslh 

SECTION I.— MOMTALEMBEKT. 



At the bead of reformers is Muntalcmbert (4H0), and although his systems have 
not been adopted^ yet they form thi? I>aae of the works conutructod in Germany 
since 1815. We shall theretbro say u few words on them. 

The cliief object of Monlalcmbei t is to provent tlie Ifosieger from opening a 
breach, by directing against him a superior fire of artillery whenever lie attempts 
to erect counter or breaching batteries, His fortresses may be called iuimenso 
battories. 

(40-i). Firat syBtam. In 1776 he proposed (o replace tho bastion outline by the 
tenaille tracing. The name of perpendicxdar fortijication is given lo this 8yatum> 
because tho faces of tlie re-entering angles are (>crpenflicular to each olhcr. 
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This enceinte B" A B C B", consists of a coscmatctt galler)-, one story high only, 
for artillery an<l imisketry. 

The ninin ditoli, 36 yards wide, i« poraUol to it. It is* flanked by a cascmated 
battery J B^' lia\Tng two stories for muskotry and artillery, besides a platform on 
which artillery may bo placed. It occupies 40 yards along each face of the 
re-entering angle, and also flanks the rear of tlie gallery. Beyond this ditch, 
which Montalcmbert supposes wet, staiuls a g;eneral cou\Te-face or connterguard 
E H D, 30 yards thick, consisting of a remhlai fi)r infantn,- and a loopholed wall. 
It is intersected by conpures. A wet diteh, 18 yards wide, separates it from a 
covered way of 12 yaxcls, and is ilanked by a casomntcd battery rllr', of two 
stories for musketry and artillery, which alsu defends the roar of tlie loopholed 
wall, tlic faces of this cawmato aro 20 yards long. To defend tlic long branches 
of the covered way, and act as a reduit of re-entering place of amis, a lunette is 
traced: the ^orge FL=: lOO yards, and the flanks LN = 20 yai-ds, N0 = 
22 yards; the wet ditch and covered way stirrouiid it, and are of the sauie dimen- 
sions us thuso for the couiitorguards, except round the Hanks, where tJio ditch is 
not more than 10 yards wide. The ditch along the face is flanked by a cosemateil 
Irattcry N O, two storie-s high. Inside these lunettes, a I'ednit having faces PQ 
of 25 yards, defends the terreplein ; it is a loopholed woll rendered bomb-proof by 
arches, and is preceded by a small ditch. 

The eo%'ered way ims no traverse and no palisades. 

Inside tlie general enceinte B'ABCB', Montalembert constructs for every 
salient a special countcrguard ab of earth, 25 yards tliick, the crest of which is 
parallel to and 2o yards in rear of the enceinte, and measures about 145 yards 
in length. A wot ditch 12 yards wide, defended by a luopholed wall d/ extends 
in rear of the countcrguard. 

Eight yunls behind tJiis ditch is tlie exterior alojx) A 2- of tlie interior retrench- 
ment, which turns at a right angle to join the great battery By' ; the foot m n of 
its rampart is at 30 yards from hi. A cascumted battery for artillery and 
musketry e £*, two stories itigh, and with faces uf 20 yards, flanks the wet ditch in 
rear of the comiterguard and tlie dry diu-h that extends between ita extremity 
and the interior retrenchment- At last a tower X, 1 1 yards in diameter and 
containing 24 gnns in two stories, sen'os as a reduit. Its centre is at 30 yai-da 
from the foot of the rampart m u. A loopholed ivall runs between the tower and 
a cascmated ti'avor^t established on tlic rampart, and defends the terreplein. A 
small ditch < is cut acixuis tliu rampart betbrc each travci'se. 

The commands of tltese various parts are marked un the following profiles 
where *« represents tlie level of the country. The vaults of the casemates are 
pierced w itti cyluidi-ical holes for the passage of smoke, and in Uio great casemate 
yHy, little chambers are constructed for the infantry, under the 11001*8 of wliicb 
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(405). The partisans of t}iis system most particularly insist npoii tho advantago 
which tbe defence acquires from the four distinct enceintes, tho gtmeral eouiiler- 
guard and it* wall, the caseniatcd pallery with its iuuur counterguaixl, tliu interior 
retrenchment with its wall dj\ and the tower, which will oom)ie1 the enemy to 
make four successive breaches before opening a passage. They claim that tho main 
ditch is most efficiently tlankod by the 48 casematcd guns of the great easomate, 
and that tho consti-uction of comitcr-batterioa against this work is next to im|K)8- 
rible. The besieger has in fact no space to erect a battery on the counterguard 
except near the salient close to the counterscarp ; room is foimd fliere for 1 1 guns, 
of which 8 only can be directed against tho casemate ; these 8 guns opposed by tlie 
48 alluded to, and by 24 moro in the cascmntc<l gallery, could not Hrc a shot. 
The other advantages pointed out are that the casemated gallery will continue to 
defend the counterguard until it is entirely destroyed, that the defence will berery 
energetic from the rapidity of the communications which facilitate nnmcroas 
sorties, wliilst the garrison and the ammunitions 01*0 in safety imdcr bomb-proof 
shekel's. And lastly, that the approaches of the besieger will advance exceedingly 
8lowly> because the great dovclopraent of the counterguard will permit the 
defenders to employ tliree times as many guns as in the bastion system, and the 
casemates of tlie real' firing in capital over tJie counter-guard, will ricochet the 
Kig-zags. They conclude by saying that the enemy cannot proceed any fnrtlicr 
than tho covered waVj and that tho sie^e will become a blockade. On the other 
side, it is admitted that such would be the case i/ihc casemates were intact when 
the enemy crowns the covered way, bat it is justly argued that these casomaied 
batteries will liave sulVcred much from the ricochet batteries of the first and second 
jMtrallel, firing over tho general connterguard, and that if tho defence commands 
more gmis than in the bastion system, tho attack can also bring more. The 
method of attack proposed against this system, consists in c:juntcr-battering tiie 
casemates from tlic first or second {mrallel by ricochet; the third parallel is con- 
structed at the foot of the glacis, the covered way of tho salients is crowned, a 
fourth pai-allel runs between tliem, and a breaching batteiy is erected opposite the 
middle of the face of the counterguard. The covered way before tlie lunette is 
next crowned, the para[>et of tho lunette is breache<l by a battery constnicted 
opposite Ma foca Once master of the Imielto, the besieger constructs a battery on 
the tvrreplein to o|)en lliu wall in llie re-entering angle of ihe counterguiutl. 
crones ilie ditcti by a bridge, and passing througti the broached wall filters tliu 




The enceinte from b ia e, aiid from a to d, conmste of a Ciiaemoled gallery 
similar to that of the tonmlle systom : the caaeraates c e'/y d d' tf three stories higli 
defonil the ditch of the caponier, this is 12 yards thick : the parts /A, e<;, called 
" retiix'd Hunks/' arc constructed like the cascumted gallery, and defend tbo ditch in 
rear of the ca|»nier. The curLiin ba>i, besides the gallery an<l above it, a hmpholoil 
wall 6 feet high serving as parapet A casemale^l battery of three stories connectetl 
with the battery dd'e, has a length dD=z55 yards, and a thickness of 8 yards. 

In i-car of the curtain stands a cavalier, the crest of whioli vuxtfkr is parallel 
to the cartain, and at 15 yards from it^ and from the casemate: the crest vr is at 
16 yanis from xy. The base of its exterior Hlo|>e towards tlie pluoc is surroimded 
by a small ditch, 8 yards wide, tlie oscarp of which is 25 yards from tlio 
extremity V uf the casemate. 
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At the salients of tJio frout we find an inner coantorguartl 25 yards thick, 
having its gorge at 37 yards from the onoeinte; 14 yanls in rear of this 
gorge stands a caseniatiMl l)arrapk X Y ; a similar barrack 5 is traced in tlie 
prolongation of the facedV, and the centre of the spaeo intervening between 
the two barracks is occupied by a tower. The inner countergnard is flanked by 
the casemate dV, and the small ditch in rear of the cavalier by the small 
caponier p. 

As for the communications, ramps lead from the place to the ditch at the foot 
of the cavalier, from which the countergnard, l»arracks and tower ore easily 
reached. A postern leads from caponier i\ under the ca\'alier to the middle of 
the curtain : there a bridge leads to the caponier, and two others to tlie n?-cnlering 
angle of the gorge of the counterguard. The rest of the communications 
remain tlie same as in the first system. 

In the following profiles, xx represents the level of the country. 
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far more nanieroua than the bastion system. Tbc defence of the ditoh is secured 
by 8 sweeping fire; and canister may be advantageotisly aaral, whilst it i» too 
dangorous for tbc garrison itself, when the gnus of the flanks of ba^ttions attempt 
to employ lu Tbero being no longer dead ditches, the fronts may be made as 
small as the irregularities of tlie ground may retiuire. 

(408). It will readily Iw seen by the inspection of the profiles that in this 
system in particular the third stories of the caponier, of the casemates dV, d e, of 
tlie Hanks e^r / A, of tlic cartain and of tlie barracks X Y and z, have a command 
over the counterguords, and overlook the ground of Iho approaches. They are 
intended to oppose the opening of the first parallel, and to destroy the ricochet 
batteries enfilading the covercl way, the countergiiaitl, and the cavalier. It is 
true iliat ihcso batteries would soon be dcstroyod, since the besieger attacking tho 
salient of tlie square would be expOBed to 230 guus situated in the casemated 
batteries of both fronts, and tn 200 gima mounted on both counterguards, 
altogether 430 guns. But the >iesioger will not thus expose himself: he will 
counter-batter directly these high stories which are much exposed. They will 
soon he overthrown, and there will be no diffienlty in reaching the glacis. The 
great caponier is badly construoted : the besieger, once master of the counter- 
guard, can erect batteries and counter-batteries opposite tlie salients of tho square, 
and take this caponier between two fires, the defenders being exposed to the 
projectiles entering the cmbrasufG, both in front and rear. 

We might also rept-at what wo have said of tlio effect of the rioocliet fire, but 
setting aside the question, we can object ngainst this system as well as against 
tlie firtit: the excessive accumulation of casemates ; tliat the walls are too thin, tho 
armament retjuired too considerable; tliat the defenders, constantly under cover, 
dread the open air and become timid, and that the casemates present the defects 
already alludoKl to in No. 378. Tho other details of construction wo do not 
name, bocauBe, in giving the systems of Moutalcmbcrt, wo had only in view to 
explain hi» principles. 

(409). Muutalemliort also proposed a circular fortification. 

It consists of two casemated enceintes A A, B B (fi;,'. 770) four stories high, snr- 
rottndod by a tenaillo enceinte two stories high. A shallow ditch with a cunotto in 
masonry, and a covoitd way witli re-ontering places of arms surround the whole. 
Caponiers for musketry m.m, flank the interval between the enceinte; ;>,;3, are 
powder magazines. This fortification is not practically [wssiblo: every one can 
see that tlte high oasematea of the cuccinto B H are doomed to dcetmctinn at the 
very oaiiet, and that the effect ex|>ected from their immense armament is but an 
Ulusion. 
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vaults coniicct them. The casemates m m of the inner towerare loopholed for 
musketry to dcfcaid tlie interior of tho casemates of tho largo tower. The 
platforms of both are pierced with embrasures for arttUury, and a cupola for 
infantry, occupies the centre of the platform of the inner tower. A winding 
staircase connects the casemates in each tower. Powder magazines and cistenis 
Fare placed in the cellars. 

Such a tower is armed with 72 guns; and as the superior platform is 46 feet 
above grimnd, Montalembert expects tliat the liosieger will be much delayed in the 
construction of liis approacJics, and prevented from constructing his breaching 
batteries. This will nut, huwever, be the caae, because the su|)erior stories ot 
such a tower will be destroyed from a cHstance. 



SECTION n.— Cabsot. 



In 1810 Camot pro[H)sed to base the defence of fortresses on sorties and 
vertical fire (48ti). 

(411). In order to make & vigorous resistance, ho recommends firoquont or 
almost continuous sorties as soon a.s the enemy has constnirtod his tliii-d pai"alle!, 
and to render them more rapid and easy, he suppresses the revetment of the 
countei-scarp of the ditch, and replaces it by a gentle slope. As tlie enemy will bo 
CDinpellixl to maintain strong covering parties in this tliird jMiraUel, Caniut 
proposes to have at the salients of tlie front of attack some casemated batteries 
of mortars, that will ponr a shower of projectilea on the crowded parallel. The 
besieger, he tliinks, will sufFor so much that he must wiUidraw to the second or 
Hrst parallel, and cover his saps by small detachments only, in which case 
further sorties will have a fair chance of arresting tlio progress of the attack. 

Carnot exaggerates Uie eH'ects of vertical fire. As a 12-inch mortar throws a 
shell of 150lbs., he reckons that it will throw 600 shots of jib. Placing two 
mortars at the salient of the raveliu and of tho two bastions of attack, be calculates 
that 3G0O shots will l>c fired simultaneously. Supj>o!^ing that one shot out of 180 
disables one man, he finds that every discharge will kill 20 men, or 2000 men 
a-day for 100 rounds. Since the besieger employs generally ten days from the 
third parallel to tlie breach, he will thus lose 20,000 men I This calculation is 
wrong, because it requii-es more than 180 shots to hit a man, and even then the 
muuicntum of a -{lb. sho^ in falling is not suiBcient to disable him. Hence it 
follows that tho enemy will not be prevented from keeping a niunerous guard in 
\m third |mralloI: the sorties will have no longer to deal with weak detaciiments, 
and, in a word, the whole theory falln Uy the ground. 

a 
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A» hifl syateiDs coutoin several peculiaritiei) which have been implied to recent 
conalnictiona, wp sliall paas tliem in review. 

(412). First System. The side a a of the polygon ^ 370 yards. Through 
thti pffiiits a, a, calltnl the ecntn-'s uf thu biLitiuiis, draw (be cnpitaU A S, a «'. On 
the middle of a a' erect a perj>endLcular A 6 = 29 yurda^ and tlie point B will 
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1)0 the centre of tho'tcnaille. On both sides of A measure A a ^ A & ^ 82 yards. 
Tlirougb I diaw tl)c linea of defence c rf", c d. At c and c* draw cj and of 
]>er[>uiKlicular tn the lines of dofoncc> tliey will roprescut the daulta of tbo bustiutu. 
On,lbe liuu of front, (^ a, take c h^ ^ h' ^ 60 yanb) : Uiera give the revetted 
gorgea of the liastions. 

Through /( and A' draw parmUels to the capitals ; these give the dii-ection 
of the retired flauki», wliich are 30 yards long. The Ofic:irp 1 1' of the curtain 
is drawn pnrallcl to and 8 yanla from a a'. The mogiHtral of Oio enceinte la 
thus iletorminod dfc kith' eff d\ 

Tho j:elienil rctrondiuiont Is pnr»llel to the curtain. Its Ioo|iholed wall mm% 
SO yank from the utcurp I Itis tiiiiiu-d in m and m' by th" proluiigutiuu of tho 
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retired flanks ; and 7n n = m n' = 25 yards, measored ou tlicso directions, are the 
flonkflof casemated battories, the front wall* n n, n" «-, of wliich are (lc8cril>ed with 
circles, Laving their centres on the capitals, and their circumference tangent 
in n and n' to Iine»t juirallel to the firont. The cro$t i& parallel, and 20 yards 
inside. 

The tonaille is traced on the lines of defence, and is separated from the flanks 
of the bastion by a ditch 10 yards wide. 

Tho ditch liofore the hastion is 12 yards wide, and lis counterscarp is parallel 
to the faces. 

The cavalier is tmced witli its flank» o p^ t/ p', ]>erj)eiidicular to Uie faces of 
the touaillo, 60 yards from the centre : they are GO yards long ; the gorge is 
traced ou the cuuntcrscarp of the ditch of bastion ; the facua p r, p' r, are dotei*- 
iiiineil by the \i\\Q,»f pyf' p\ which join the shouldor aJi^lcs of tiie bastions to 
the extremities p p' of the flanks. 

The counterguords « e, r ty 24 yards thick, are terminated at 12 yards from 
tho Jiauks of the L-avalier. 

The ravelin, also 24 yartls tiiick, is traced in describing an o^uilatorat b'langle 
on a a : its facet terminate at 12 yards from the countorgnard. 

The counterguard and ravelin are sorrotmded by a. ditch 12 yardii wide, and 
beyond tiiis is tho countersl oping glacis 60 yards wide. 

A caponier or ramp leads from tlie lerrepleiu of the tonaille up to tliat of the 
cavalier. 

In the profile the lines x x represent tlie lovel of tbo ground. 
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It will bo seen that the bastions aro surrounded b^- a loopholed wall marked \\y 
the counterguards : it la 24 feet high, 6 tcct thick, mth arched recesses on tbo 
inner side, and a chemin des rondes 6 feet wida The gorge alone is imreTettedi 
to t'aoilitate the sorties against the ]o(%inent of the besiejjrer. 

On oach wing of the curtain, along the retired flank, is a postern, which 
Gstalilishes thu communication between the ditch of tlic retrenchment and tliat of 
the curtain. Anotlicr postorn in the retired flank leads by a flight of steps to a 
little j'ard hlvy 12 yards wide, situated on the level of the ground and surrounded 
witlt a loopholed wall to give flank and reverse fire on the oneniy attempting to 
Attack tlio retrcncliment ; it contains also two guns in embrasure behind A 2 to flank 
the ditch of curtain. 

The interior retrenchment is provided with a detached wall 36 feet high and 
6 feet thick. It is 9 feet thick tn the salient parts, n n, n' m. It has also archod 
rocQBses and a cheinin des rondos, which communicate with tlie interior of tho 
place by posicnis constructed under tho ramparts. In tho salient parts n/i, wn', 
tlie lower row of loopholes is destined for hand mortars, to tire at the lodgment of 
the bastion. 

On rear of these salients stand the casemated batlcries nmy, n m'jff composed 
ol' vaults oj>cn both in front and reai', to I'acilitate tho egress of smoke ; each vault 
contAina 2 mortars to tlirow stones on the lodgment of tlie bastion ; and tlie 
extreme piers m n, m' n', are pierced with three embrasures for throe guns flanking 
the ditch. 

We have not represented in tho plan tho tliree batteries of mortars at the salients 
of ravelin and bastion, wliich Camot recommends for tho front attackc<l, nor a 
cuemated halter}' of gnns in the circular pai'apet of tlie retrenchment, which he 
intends to fire at ricochet aqainst the zig-zags in capital, and at point blank ou the 
lojgmcni of the bastion. 

(413). Cornot claims for his system a great economy in the iirst outlay, a 
groat dnrmfallity for his waltit ; and as he dispenses with tlio i«vorcd way and its 
i l tfinw pUiMdliig, and has a strung interior retrcni^nncnt read}', there will be 
a pM ilil'iwrtniw of tlie labour iiHualiy required during the siege. Tho defence, 
Itt Abo^ win be pvutractiHl, as the high rampart commands, and plunges the 
Ik ftmfttM indcpiMtdent of their scarps caimot, in falling, atlord a 
imc^ ».V. -Mat Imttorie* cannut jjo seen or destroycn! cither by 
^». ^ iww •(« well bhvlturml under tlie archod-ivci^ssos ; 
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tlic counterguarda uficr Imt a narrow aim to ricachut ; and the connter-sloping 
glaoia exposes to plunging views any sap whicli the besieger might cany through. 
All these advantages, backed by the sorties and vertical fire alluded to, apiicnr to 
Caniot extremely superior to those of the modern front. It is not, however, the 
case. The detached walls are oxoelk'jit to prevent the escalade, but they may be 
breached at a distance by vertJoai fire, so that the ramparts of earth behind tlicrn 
can be ascended. Supposing that the besieger pro'TOe<l8 with regular attacks, we 
have already said that, after the construction of the third parallel, ho will not be 
compelled to withdraw on account of the vortical shower of projectiles ; and, as 
for the sorties, he can construct batteries at the salients of the glacis to breach 
the faces of the bastion and the flanks of the cavalier, and at the same time 
spare a gun or two to fire grape shot into the nai-row ditches from which the sorties 
must debouch. A fourth parallel, connecting the crowning of the glacis, will 
render Uw sorties still more dilEcutt, especially if these batteries have been 
surrounded at night by cliev.iux-de-frisc, trous-do-loup, &c.., that delay the 
garrison and give timo to the guard of the fourth parallel to come up. 

The ravelin docs not seem necessary: it obliges the enemy to commence his 
afiproaches at a greater distance, and covers partly tho dobouche through which 
UiQ sorties must pass, but it may easily Ite breached by live sliclls or mining, and 
as it is unrevetted both in front and rear, and contains only a feeble garrison, it 
may be stormed in all directions. The cavalier, one of the chief featurcB of the 
system, masks the fire of the collateral bastions, and .is it is unrevetted, it may 
be assaulted at tho gorge. Once master of tlie cavalier and tcnajlle, the besieger 
can employ tho mine against the oonntorguard without beuig molested, and make 
a wide opening through it: a battery constructotl opposite t}iat point in tlie 
crowning of tlie glacis will breach the bastion. lu the bastion the enemy fimls 
Rjmce to construct a battery against the casemate : he may suffer from the fire of 
tho mortars and pierriors, but ho can employ' blind tramcs ; and as ho has room 
to placo a auporior artillery, the casemate is too small to resist lung: tlie l>attery 
in the circular rampart will not resist long for Uie same causa 

This system does not, therefore, bear investigadon : nevertheless, tlie detached 
walls, tho conntcr>sloping glacis, and the easomatod mortar batteries, iiavu found 
numerous advocates, and are frequently employed. It is but just to add, that 
these casemates have been borrowed from a work publinhod in 1781, by Virgin, 
a Swedish engineer. 

(414). Sooond and Third Systems. The first system of Camot was intcmled 
for a flat country, where water ia not found above 12 feet in depth. The second 
is destined for a marshy countrj', whore excavations cannot aflbrd great remblais. 
It is tlie tcnaille outliuo of Montalcmburt. The interior retrenchment consists of 
a loopholed wall aba, the salients no' of which are 200 yards apart. It has no 



CARNOT. 



455' 



12 ynnls wide, and has wings 120 yards long, measured oil the gorge, to cover 
the enceinte beiiiiid (ho oxtitnuitius of the counter<;uai'ds. These have the same 
tliickncss as the tcnaille, and are preceded by a dit<:h of 12 yardi tuid a ouiitcr- 
slnping glacis of 50 yards. A dotihlo ca]>onier 36 yards thick, with a ]>iissage 
fnm 8 yards wide, connects tlio teimillc with the place of arms okf/ (/: this is 
serviceable during tlio sortie*. There is a ditch of 8 yards width between the 
counterguards and Uic caponier ; tlie traverses A A' are siniilur to B, U'. The 
flanks oki &k' of the place of arms ~ 40 yards, the faces k k :^50 yards. 

In the third system, intended for mountainous countries, the ditches are dry. 
The interior rctreuehnient is the same afi iu the second system. The enceinte is 
protected from nscalade l>y a dctaehod wall 18 feet high: it contains several 
posterns for the oommuuicatioiis. In the re-entering angle there is a little yard y> 
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tlie faces of which flank tlic ditch witJi throe guna. The tenaille ia surrounded 




places of arms in the covorod way furtlier factlitatv Lbo sorties. We find tlicso 
cai<tMnate<l batteries for tlie defence of the ditrihes of raveliiia or coimter^urdd, 
and hollow travorses at the salient of these outworka to resist ricochet and contain 
heavy guns to fire on the approaches. 

What precedes will give a fair idea of the manner in which the principles of 
Mc>ntaleuil>ert and Carnnt bare been applied in the recent coiistmctions of 
GenntiTiy, and instead of entering into fxirther descriptions, we thmk it more 
useful to diseus3 Iheir lending features. 

(418). The partisans of the bastion tracing have criticiBed the German system 
in tlie following manner: — The great opening of the angles of the |>olygonaI 
fortification permits, more readily than with the bastion tracing, the long faces 
to be directed to those points of the ground on which the enemy will find it 
difficult to erect his batteries, and in tlic most recent construct ions, as ut Radstadt, 
(423), the caponier Is brought forward so au to increase the oitening of lite 
mimics formed by the faces ; the ric^ihet is thereby rendered more <lifTtcu!t. Thin 
disposition, together with a givatcr extent of the fronts, will necessitate a greater 
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taneously the glacift of the ravelin and of the counterguards or bastions. To 
prevent the crowning, the loopholod wa!I and the caacmfltod lotteries are not 
properly organised ; the loopholes, as may be seen by au inspcxtliin of the jirofiles, 
are only 10 feet ahove the bottom of the ditch, and much below the crest of the 
glacis; their iire will therefore be too nscending to prove a serious impediment; 
the same may be said of tJio caponiers having but use Btory. At CoUcntK th« 
superior story oouuuaudi> a good view of tlio crowning ; but its artillery can no 
more prevent tlie crowning tlian that of the bastion system, and perhaps it is even 
lesa effective for this purpose, as we shall see presently. The little reduits, erected 
in the ealionts of the counterscarp, and destined both tu secure access to the 
galleries of mine and to give reverse fire in the ditclios, could not either arrest 
tl;e crowning, because their front w:ill is not flanked, and the besieger can fill 
their small ditch with fascines or sandbags and destroy them by mines. Theru 
is thus good ground to sup|>o8e that Lbc glacis will be crowned by the bealegon 
and thifl dune, tlio work of the attack becomes simplified. 

Engineers wiio object to the polygonal fortification, are of opinion that the ulte- 
rior defence will be very black, because the flanking defences will have bet:Q ruined 
by tJiis tune. The caponiers and detached walla, as well as Uie ti'nverses and 
rcduitj* in the ditch, are in fact as muuh exposed to the pitching fire of the batteries 
of the second parallel, as i^ there were no glacis or comitergu:u*d before ttiem. 
Thoy base their opinion upon the experiments made at Woolwich, in 1822 and 
1824, when a Carnot wall protected by a counterguard, was breached by a battery 
of eight G8>|ioundcrs at 500 yards, and a battery of three 8-inch, and tlu'^ee 
10-incli howitzers, at 400 yarda. By firing at an elevation of 15" with solid shotj 
and sheila full of powder, a practicable breach was made iu six hours by 
100 rounds from each piece. Nest day, 50 rounds rendered the breach perfectly 
practicable, and on the third day of the experiment tlie wall was a mass of ruius. 
It iHiist bo Haid tliat tlie firing was rectiiied, as the effect of each shot was observed 
and the elevation or charge altered, in actual warfare such could not be tlie ease ; 
but the possibility of destroying walls at a distance by pitching fire is more or less 
an estahlislicd fact; and witii a greater or less number of rounds, the walls of the 
cajK>iiiers, &c., mast l>e ultimately destroyed, or at least suiter hcAvily. WilJiuut 
going so far, we shall sn]>poso that these waits have not been so much injui-ed, and 
8oe Iiow the besieger would proceed after liaving crowned the glads. Ho will 
construct conntor-baiterics against the casemates defending tlic ditch. Montalem- 
bert declared tluit it would he impossible tu do so; but wo do not find in German 
fortresses that immense superiori^ of artillery which bo proposed; the artillery 
may do hai*m and somewhat delay the completion of thc-se counter-batteries, but 
Uie ex|»erience of paat sieges proves that the flanks of bastions left intact, and e\'aa 
re-uifurced by retired tlanks, cuuld nut |ii'ovcnt tlie eoubtructiuo of these batteries. 
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iind the caponierB or onscinates ovon uii-iiijurcd, do not IjHiig much more to bear 
on the crowning. Should there bo no couuterguard, the question of "earth versus 
masonry," will soon be settled, the canonior must bo silenced as it presents too wide 
II surface, and e\'ery shot does it too mach harm to ndrait of a long resistance. 
The ditches aru then dcad^ and before giving the assault there rcmaius only the 
dptaehed wall to breach, which tlic counter-batteries theiuaelves can do. If, as at 
Gemereheim, the enceinte has a regular revetment^ the besieger will have no 
difficulty in destroying tiie front wall of the penta^nal area, since it is too weak ; 
the loopholed wall in rear would not resist long either, and a lodgment would thus 
be easily obtained, from which the miner could blow up the enceinte, and make a 
regular breach, or breaching batteries might be constructed against the faces. 
The ravelins, tf they hud not been abandoned, and the enceinte, could be stormed 
simultaneoiutly a^ early as the 15th day of the siege. If the fronts are re-inforced 
by countorguards, the counter-batteries of the sedient of the glacis, will have to 
destroy first the caaematod batteries or redoubts flanking the ditches of rarelin 
and count«>rguard, if tliia has not been done by the batteries of the second parallel, 
and also to breach them at their extremities. The lodgments may be made here, 
as before, without difficulty, since tliere is no descent of the ditch required, a sap 
being quite sufficient, and the long ditches, now dead, serve the besieger for the 
depolB, &c A lodgment on the exterior slope at the salient of tlie counterguard, 
can be transformed into a counter-battery sufficiently atnmg to overpower the 
caponier, and to breach tJie enceinte as before ; or a trench may be run across the 
tcrrepleiu of ravelin for a battery that will breach the curtain ; hut the besieger 
need not do so, as he might be exiwsed to the casemates that defend the ditch of 
the caponier ; by breaching the enceinte on the faces, tlioso batteries might bo 
turned and rendered useless, and so much so, that at Gemcrshoim tliey Iiave not 
been oonstructed, but rejilaced by three embrasures at a small height above the 
bottom of tlie ditch. 

After breaching the enceinte, the enemy is entirely master of the ditches, and 
cannot be disturbed, he will be at liberty to turn the interior retrenchment by the 
mine, or construct in his lodgment on the exterior slope of tl»e enceinte, where he 
is altogetlier unseen, some batteries to destroy the defensive barracks, and gtvo 
the final assault on the 20tli day. 

(4l9)b The name of Pru»naii at/ntem, is now gi^-en to a polygonal tracing 
poBsesiiing a decide<l sui«riority over the tracing of Fort Alexander. We adopt 
the same dimensions aa are given in military schools. 

The lino of from A A' = 450 yards ; the main ditch is 30 yai-ds wide, and its 
conntcrscarp is parallel to the enceinte. The ravelin is traced by taking O B =r 
OB' = 100 yards, and describhig an equilateral triangle U C B': it« ditch is 
20 yards wide. Gascmatcti battertee for foui* guns Hunk that ditch; llicy are traced 
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by prodaoing the gorge of ravelin, aud takiii<^ B M ^ 30 yards, and drawing 
LM = 20 yards parallel to the faces ; the ditch is only 10 yards wide round ihem. 
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and in front where the depth is 5 yards, it is deei^ned a few feet. A revetted 
counterscarp and a glacis 100 yards witle gttrround the whole front 

The ravelin ie divided into three i>.irts. The first C D D*, in which C D =: 
C D' =: 26 yards, is a loopholed wall, and in the tcrroplein which it cudoiics, h 
the entrance to the galleries of countermines. The second is limited hy the wall 
K E', erected at distances C E = C E' = 70 yards from the salient. The command 
of the pantpet i« greater tlmn in tlio third part of the ravelin in order to protect 
it from enfilade, and under tlie parapet D D', on a level willi the terreplein of the 
salient is a battery for 3 mortars. In tlie (iiird partj there Is in front a bastion 
retrencJimont, with perpendicular ab^20 yanls, and faces E e = EV ^ 30 yards, 
an oarthen parapet following the faces of th)> ravelin and of the baationed front. A 
cliemiu des rondee witli loopholod wall E G, gives a fiie of musketry in the ditch, 
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which j)i-ojoct8 25 yards uu tlio front. Transrorsal walls on the faces and the 
flankii intcrsoct the chomin dcs rondes to prnvcnt the enemy from spreading along 
it, to obviate the enfilade, and by raeana of their gates to take in flaak the 
stomiing columns. 

The orillous afford space for the collection of the troops destined to make a 
sortie; and a gate placed along their gorge, gives access tu the ditxih. 

A little bastionet occupies the salient; it is casoinatod to two stories for 
mosketry, and flanks (he ditch boforc tlic faces of the bastions. 

The delachotl wall has arched i-L-cesscs, willi loopholes, the openings of which 
are 6 feet ahove the bottom of the ditch : two of the recesses near the flank are 
pierced with embrasnres for artillery. The tlitcli is 20 yards wide. There is no 
outwork, no covered way, and the counterscarj) is not revetted: on the middle of 
each curtain is a counter-sloping glacis. 

It may be rei>cated here that tlie dotuchod wall can be destroyed at a distance 
by pitching fire at thcverj' beginning of the Biege. The ditches are, however, still 
defended by the rampart of tlie flanks, and e^-en by the bastionet. The absence 
of outworks, and, therefore, of crossed musketry fire, will enable tlio enemy to 
advance his saps most rapidly : nothing will arrest the crowning of the crest of 
the glacis except the flanks, which are 400 yards distant As for tlic loop- 
holes, tliey are too low, if still standing, to do harm. 

Sorties are still less [lossible than in tlie polygonal Fortificailon of Coblcntz ; 
they must, in fact, pass over the oountei>sl oping glacis, and be exposed during 
their march on the heads of the saps in the capital to the f5re of the parallel. 
The small re-ontoring angle, fonned by the glacis in the middle of each front, 
will permit tlie besieger to crown the whole of it, to dispense with traverses, and 
to construct breaching batteries even against the mi<ldlc of the curtain. 

(422). The game reasons whirh have induced Vauban and his fiuccessors to 
surround tbrtresscs with intrenched camps, have docitled the German engineers 
to surround their places with detached works, the tracings of which differ from 
tliose of the French school erected at Paris and Lyons. Fort Alexander, at 
Coblentz, is a detached work, hot its outline is by no means generally adopted. The 
detached forts round Cologne will give a better idea of their principles (fig. 805J. 

Thoy consist of lunettes, having faces and flanks 60 yards long ; their command 
is great, and the flanks are oovered from ricochet by hollow tniverscs, cascmatcd 
for one gnn, situated near the shoulder angles. They have a command of 6 feet 
over the parapet, and occupy the whole width of the rampart : a vaulttxi passage 
under them permits free circulation. At the salient is a small cavalier^ having a 
command of 3 foot over the parapet, and acting as a traverse. A casomntcd 
caponier defends the ditch along the fiices, and communicates by a gallery with 
the galleiy of conntorscar]!, or with the branclu^s of the mines. The ditches of 
the flanks are defended also by caiMjnicrs situated at their L*xtruntitii>d. 
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Tlie gorge is occupied by a tower of two stories : the interior one defends tlio 
foot with musk<3try : llio superior, together with a plalfonii} brings 14 guns to 
l>oar OH the tcrreplcin, 

Tho cavaliors and hollow tmverjies are excellent arrangements for rome<.ly)ng 
the ricocliet of the faces and Hanks ; but their gun is not capalile of keeping up 
its tiro against tho several pieces which the enemy can converge upon it. The 
caponiers and travofsca in tlic ditch arc again ex])used to pitching fire \ and &s 
tho covered way haa no traverse, and no place of arms, tlio besieger will find 
little difficulty in crowning it, and all the less from the caponier in tho capital 
being too low to oppuse it. Broaching batteries, con3tructc<l opposite the shoulder 
angle of that cajwnier, will be able to breach It witliout being exposed to its guns, 
which ciuinot fire with sufficient obliquity for tho shot to reach them. Tho 
defences of tho ditch once destroyed, the miner liait a fair op|>ortuQity of hlowhig 
down tliu cotintentcurp, :uid uf opening a hn;aeh in the face uf tho lunette by tlic 
mine. As it might be dangerous to advance on the terreplein against tho rt-'diiit, 
tho enemy will blow up the parapet of the lunette, to form an opening tJirough 
which tho batteries of the covered way may counter-batter. Despite tliese defects, 
these lunettes arc good works for uneven ground, where the position to be 
furtiiied la n:trrow, and th>i- ricochet is not to be apprehcniled. The r^itoniera 
will then fulfil Uieir purpot^e, and oblige tlie enemy to bring his guns to tho 
covered way to silence them. Tho reduit offers a bomb-proof building tor the 
garrison, wluch, however small, can secure tho fort against a coup-de-maiu. 
(See 342). 

(423). KadstatU, a federal fbrtmas recently constructed, exhibits the chief 
features of the German system, and deserves a few word^. It consists of a 
bastioned enceinte, strengthenc<l by three forts of ditferent outlines, and by 
detached redoubts. By a judicious disposition, tiie three parts of which the 
enceinte is ibrmed, oberer, mitUerer, unterer, and the three forts, form each an 
indejiendent work. The bastions arc wide, with oriltons and double retired 
Hanks ; the cui-tain is broken outward:;, and a eosemaled traverse occupiett ita 
salient. A loupholtxl wall, at 3U feet from the rampart, separutos the town from 
the enceinte, iu order to euablu thu garrison to ountinue its defence, should the 
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thfM-Mponiors, one of which is protected by a ravelin, defend the dttcltes, and 
are tlkemselves supported bj Lhc flouks of tho collatoral bastlouii and their low 
batteries. A fausso-braye surrounds ilxc bastions b and ii,Aud casemated batteries 
stand on the ealients b^ e, (f, & 
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A covered way snrronndft the fort, and the places of arms have casomatcd keeps 
of the fomi of a horso-shoe, wluoh flank the covered way and glacis. The <rorge 
of tlie fort is occupied by a great casematcd keep with tower and defensive barracks, 
the masonry of which is protected by a glacis. At 300 yards from the glacis of 
the fort and connected tliereto by caponiers, arc two lunettes, closed at the gorge 
by a loopholcd wall, with casomatod howitzer -batteries in salient, and Montalcinbert 
towers for keeps. In one of these lunettes the keep and battery communicate by 
a vanTted ])assage, and the ditcli is defended by small bastionets. 

The fort is separated from the ober^r enceinte by a dry ditch n, and fVom tho 
mittlerer by another ditch, also 20 yarrls wide, on the bridge of which passes the 
road of KchI, defended by a cascmated battery p. 

Tiie second fort, between tho unterer and obrrer. resembles the tracing of Fort 
Alexander, bnt is better, hocanse the flanks arc doable and tlio curtain is replaced 
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bj a tmncatnl bastiou> whose Banks contribato to the defence of the ditch. 
The cascmated rcduitt*, Uie corered way, gorge> &C., Fesoinble thoso of Fort 
Leopold. 

Tho third fort, between unterer anil mittUrer, is the !>eet tracin*;, because tho 
besieger would have to undergo four periods of broaching batteries and to pass two 
wet ditches. It is formed of a double bastioued enceinte : tho outor one consists 
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of two baations with orilluiia and double retired Aankit, and a broken curtain with 
a cavalier at the sationL The parapet of this curtain Is indented in order to 
defend the ditch along tlie Banks. Sciui-cireular cajtcniated kcejw occupy the 
centre of each bastion. Tho inner enceinte, sejmraled from tlie Hrst by a dry 
ditcli, is foriue<I of two faces defonded by the semi-circular keeps. The gorge is 
closed by a loopholcd wall and two cascmated reduits. In front of the outer 
enceinte^ are a wet ditch, then a covered way witii glacis, a second wet diteb, and 
an advancc<l covere^l way wltii glacis. In ibe advaiiceil ditch stand two un- 
revetted Innettos, rlosed at the gorge by a loopholed wall with Montalombert 
towers. The fort can Ijc isolated fi-om the enceinte by a system of sluices con- 
necting tiio ditches with the Murg river. 
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The outline of Radstadt is therefore very irr^ular, and presents several 
judicIoQs arrangemeDts bearing on the dcbiils, but we find a groat proftision of 
interior retrenchments and casemated keeps, which are liable to suffer seriously 
from the besieger's artillery before they are called iuto play. A system of 
inundations and countermines strengthens the defence; but as far as the fortifica- 
tiona thomselvea are concerned, it may be said that there is no salient capable of 
taking the besieger in reverse, and the enemy will advance rapidly during the 
first period of the siege. As for the interior loopholod wall, it would prove but 
a poor protection for tlie garrison. 

(424). Ulm is a federal fortress, entirely of the polygonal tracing, with 
detached forts forming a retrenched camp for an army of 100,000 men. 

It consists of a continuous eiiceintu with 12 forts on the left bank of the 
Danube, aud of a tete de pout with 6 forts on the right bank. The enceinte uu 
the east side is polygonal, with escarp, ditch, revetted counterscarp, and covered 
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way ; on the west it is traced en cremaill^re, and has no ditch. The escarps are 
semi-detached, and the casematcd roduits are less exposed than is generally the 
case ; yet the value of Ulm is not so much doe to the place itself as to its vast 
rotrenchod camp. 

The caponiers differ from tlioso of Coblentz, Gemersheim, Radstadt, &o. In 
that of the tete de pont, here represented, the flanks arc parallel anil tlic licad is 
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circular: tlio roof is Iwrnb-proof; llie walls of flanks are piei-ced witU fonr or five 
ombrasurcw for gniit*, while tlie nircular parte are looplioled for inuskeir^'. 

A disposition, found almo in Fort Leopold at Uadstadt, consists in the forma- 
Uon of two oiiceiutea, which therefore present a double line of fire on tho middle 
oi the cortain and before the rc-cntcriiig angles: tlie foot of tho semi-detached 
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cscarii is separated I)y a passage of 20 yards from a loopholod Carnot wall, 
cntin-ly isolated and resting on tlie gorj^ of tlie caponier. This wall is pierced 
with embrasures for guns to flank that caponier. 

(425). Mayenco is a federal fortress of great importance, in which we find 
some applications of the German principles. It consists of a bastioiied unceiiile, 
part, of which is rallicr old ; but its eoutbem and south- western portions, between 
the Rhino and the Zeil, have been carefiilly rc-organized, and out of no fewer 
than eighty-eight worts, sixteen have been conelmcted since 1806. The fort 
HeiligcQ-Krcutz, which we select for investigation, is a lunette. The escarp is 
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somi-detached, and the chomin dcs rondes is intersected by cusGinated Lravei>ses. 
The parapet forms at the salient a lai'ge pan>coupe, from which one can descend 
by a postern into a low terreplein, se{)arate<l right anil left from the ditch by the 
prolongation of the looplioled walls of the faces. This loopholcd wall is vaulted 
on 4 of its thickness. Fi-oin tliis advanced terreplcin, ioruiiiig a reduit,ono entei-s 
a masonry caponier leading to a cascmated battery, in form of a horse-ahoe, that 
flanks the ditches of the lunette and the salicut of the glacis. The gor^ is closed 
by a circular cascmatcd keep, and the ditch of this gorge is defended by a caponioi*. 
It will readily bu seen that this fort is inferior to those of Cologne : the ditclxes of 
the faces aro obliquely flanked, and the &cea and flanks are not protected by the 
masks resting on the gorge as in the above works. 

(426). Lintz, built on the right bank of the Danube, has been surrounded by 
an intrenched camp, destijied to give an army defeated on the Upijcr Danube, a 
safe position on both sides of the river. It is a very important strategical point, 
the first tJjat covers Austria ; and ita bridge is the chief debouch^ of Bohemia. 
The fortiiicatious consist of 32 towers, called Maximilian towers, from the name of 
Archduke Maximilian who iuvontod them, erected nearly one mite iiroui Liutz 
(the nearest, No. 21, at 1200, the furthest. No. 1, at 3200 yards), and from 500 
to 600 yards apart. They are to be connected at the moment of need by a cur- 
tain, a ditch, and a palisaded covered way, the whole being tlaiUccd by the towers. 
It may be doubted whether an army would have an opportunity of erecting tliese 
tieldworks in due time, but admitting that it would, still the besieger would have 
only one enceinte to force on one point in order to uncover Lintz, and the danger 
is all the greater because the whole circuralerence bemg considerable, it would 
require a strong army to defend it efficiently. 

These lowers aro circular buildings 33 feet lugli, with a moan thickness of wall 
of 6 feet 6 inches : the diameter of the base is 1 18 feet, and tliat of the t<>]) 1 10 
foot They are smrounded by a ditch 8 yai-ds wide towards the exterior, and 
gradually becoming narrower towards the interior, where it is only 4 yards wide 
at the entrance gate, so that tlie commmiioation can lie established by moans of a 
drawbridge. The deblois of the ditch have been employed to construct a glacis, 
that covers the masonry on tiic exterior, and gradually falls to tho level of the 
ground in rear. 
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Tho centre of each tnwor is occnpied by a hollow cylinder, 3 yards in diameter; 
tunJ tho inten-al between its side and tho scarp wall is divided into two by pillan 
coniKJctt'd by l»omb-proof arches. A Iwrnb-proof circular vault covers tho whole. 
The tower lias three floors : the lowest serves as magazines for stores, and has a 
covering vanit bnmh-proof. 'Hie second, covered by strong heamft, contains the 
gari'iKon and the kitchens: tho third, called tho floor of defence, is pioroed witli 
ombrasurcs, and contains two howitzers, mounted on light carriages, whidt can 
easily be removed from one part of the circumference to another, and are destined 
to fire at riciichct over the gliicis on the outside, and directly on tlie ground in 
rear. Tije drawbridge gives adiniRsion to that floor, whilst tho communication 
between the other parts is established by staircases. On the bomb-proof top of 
the tower, covered witli 3 foot of earth, is a roof called the deck, destined to receive 
eleven 24-|K)iindera. They are covered by a parapet 33 feet thick towards the 
flxterior, and ]0 feet towards the town. Behind this parapet is a circular platform 
mode of three (xmnw of timber : two grooves cut in its circumferenco receive 
the trucks of the gun carriages : tliese peculiar carriages occupy only one yard ; 
and, owing to their great mobility, tho fire of the eleven guns oan l»e concentrated 
upon the same ])oint. Four gimners load and sponge tho whole battery whilst 
standing nn tlie platform, and keep themselves in a little tronch reserved between 
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tbepn^Kuid tlie platform. Six other ^nners, standing on the inaide, point 
the ^ns. 

Tho flininnnition, shots, &c., may be carried up the staircases, or tlirougU the 
eoulral cylmder, by a system of pulleys, similar to that of a man of war. The 
garrison of pach tower is estimateil at 162 men, 12 of whom are gunners. 

An experiment has been made to try tlie degree of resistance of these towers: 
a battery of frmis, mortars, and congrevo rockcta, like a ricochet battery, was 
erected at 300 yard« from the froni of a tower, and the fire was kept up during 
five hours, after which it was found that Bhells had fallen on the roof, broken the 
caiTiage* and rendered tho battery unserviceable; and even two rockets had 
entered the suptrior floor, Tho defenders of the tower were then sent to repair 
thu miscliief, which tJiey did during the night, and next morning they opened fire 
on tiie battery in front, anrl kept it up also five liours. The battery was found 
much injured. Tliis experimeut, however, tells against the towor, because the 
attack may erect Be\oral battcrios to concentrate its iiro ou it, and can replace its 
losses and gunners, since they are far less exposed than those of the tower, which 
must be defended by experienced men, who cannot be replaced easily. The 
droular platform eon be disabled by the fall of a single slicll, and in so confined 
a space it becomes very difficult to replace a broken carriage. Another defect is 
that the vaults are too depressed, and as they rest on tire scarp wall, they must 
give way when tho latter iaila. One tower being taken, the otliers cannot resist 
long, because they are very weak on the interior side. The want of I'cciprocai 
flanking may even expose them to a coniwle-main, shice there is no loophole or 
reju_'hiL'oulis to dufeud their feet, and prevent an onterprising enemy from coming 
nightly and throwing bags of powder to breach tlie lower floor. 

(427), Towers of a different construction have l>een erected round Verona, to 
act as detached forts. They have two floors: the lower, established on tho Wei 
of the country, contains a loopholod gaKery for ^lu^ketry, projecting 8 feet 
beyond tiie wall of the tower, and Is surrounded by a small revetted ditcii 6 feet 
deep. Tho superior floor is intonded to form a casemuted battery, having a command 
of 15 feet over tho surronnding country. The wall is 5 foot 6 inches thick. On 
the roof destined to receive 12 guns, the parapet consists of a wall ^ feet thick, 
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through the interior slopo of which a circular groove is cut to place the shots in. 
TIw gun-carriagos are similar to those of Lintx, moving on a litUo railroad. The 
central cylinder, 9 feet higher than the whole, 8er\*eR to establish the communica- 
tion between tlie various parts. Most of what has been said of Maximilian towers 
may be re|>eat(?d here, and it is the more applicable, since they are not intended 
to resist field guns, hut heavy ones. A shell may disable the platform, whilst the 
splinters of the pai-apet and the central cylinder will render the position untenable. 
The caaemated battery canuut bring more than two guns to boai* on the same 
point, and ita wall is exposed to imnicdiato destruction. The inferior gallery may- 
be broken in by the fall of a projectile, thereby ex]M8ing the safety of the whole. 
The small depth of the ditch, and the absence of flank defence, docs not seem to 
be an obstacle sufficiently serious to prevent the enemy fi-om reaching nightly the 
foot of the tower. These works ore evidently a waste of money. 
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DEFENCE OF FRONTIERS. 



(428). Fortification is employed for positions which nnture has left without 
tleience, or to increase the difticultics which are offered by mounlAins, rivers, &c. 
In the preceding chapters we have exaiuiiie<l the diflW*ent means proposed for 
constructing a front on a lovel Burfaco : it is the part of the engineer, when ordered 
^ do BO, to make the best of those systems, aocording to the nature of different 
localities. But when he may he ordered to <?o «o is a question of very high 
iinportanco, tho Rolation of which is left to statesinon. 

No ono will ever doubt the neoossity of fortifying a dockyard like Portsmouth, 
or a town like Pcrpignan, comoianding the road from France to Spain across the 
Pyrenees; but many fiound mimls will wonder at tho immense number of 
fortresses to be fouud on the Continent, and erocted^ to all appeai'ance, for no 
purpose, 

(429). Fortifications have been employed to defend frontiers more by routine 
tlian fiMDm imperious necessity. Systems, loo, have l»con projwscd for that puri^se. 
Tlic most ancient plan, which baars liie name of Vauban, although this engineer 
often complained that too many fortresses were bnilt, is deeigned to oovor a 
frontier with a triple line of fortresses, lUsposed chess fashion at about ono day's 
march from one another, with the viow of detainimj the invader aa Unuf ajt poseU/le 
tPttfi small forces, while an army is being oryanised. 

In this sj'^tem, routine had the greater part. After the straggle of the middle 
ages, Europe was seen dividing itself into a limited number of kingdoms ; these 
swallowed up the states of smaller importance, enlarged themselves by tho 
addition of dukedoms and earldoms, and sought to establish themselves on strong 
bases. Of all fortificiitjons, those which nature supplies are stjll tlio l>ost; but 
every state could not succeed in obtaining for itself such bonndaries : oven to the 
present day the couacidence of political witli natural divisions is regardwl as an 
im|>osHibilily. It happened that to reetrain a loo warlike nation, — to keep in 
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tlie meau coat of a {'ortificd town at £600,000., bow many millions will be 
swallowed np by a frontier ISO miles in length? Louk at France, witli lier 186 
fortresses in 1820, and judge what she must have paid for their maintenance alone. 
Bureau dc Fusy said that he could organise an army of one hundred tliousand 
men with the amount which they cost annually. 

(430). Modem statesmen have laid aside tlus system, and proposed new ones* 
Among t)ie most celebrated wo find General Rogniat's mothod of Reirenfhed 
Camp^.* He proposes to leave the frontier open, and to entrust the defence of the 
country to a uumerous army, Uml shall tind auppoit in a sciice of retrcnclictl 
camps resting on fortraaaes, and distributed from the frontier to the ceutj-al strong- 
bold, in such a manner tliat the army can always find one witlnn fifty miles. He 
intends this army to defend the country while other forces are being organized, to 
check the advance of the enemy by skilliil mauceuvros, and to drive him to attack 
the dofondera on ilicir prepared ground uf the retrenched camps. This system, 
which has l»con favouraltly receivwl, has not yet been tried ; and it ts therefore 
dilfiouU to decide upon its merits. It starts, however, from a true priticipU— 
that of entrusting t)ic defence of a countiy to the army, and nut to mere 
fortresscfi. Bui tlie invador can also have recourse to skilful n)anauu\Ting, and 
march directly upon the capital, which, according to General Rogniat, is not 
fortified. (350). 

(431). General Duvivierf propoaos to have only one place in a comilry — but 
an immonso one, 40 miloa in diameter !— a delia^ as be terms it, where all the 
rcsoui"Ces of the Stato are to be accnmuluteil, so as to preclude even the idea of 
attacking it, whilst the defensive army stnigglcs on the ft-ontier. Unfortunately, 
before the realisation of such a plan as this con take place, thu manners, govern- 
ment, &c., of our times must greatly alter. 

It is evident that the siege of a place of that size i« next to impossible, because 
the strength of the garrison is such, that the defenders can make sorties with 
numbers fur superior lo llic gu.ird of tiie trenches. The onemy^s only chance of 
success, depends either on a surprise or on a general aBsauIt, and it was lately said. } 
that history offors a prodigious number of great cities taken by surpriee, asmultf 
or eacahile, and that most of tlie capitals of the greatest empires have so fallen. 
Thus Babylon (538 D.c.), Carthago (146), Syr.<icnso (212), Jerusalem (72 au>.), 
Antioch(1097), ConBtantinoplo(1453), Rome (1527), Prague (1741), Schweid- 
mtz(1761), Ratisbonne (1809), &c. Experience has certainly proved tJiat the 
number of defenders of a fortress is not a sulKciont gnarautc'e against escalado or 
surprise ; tliat several enceintes and citadels do not secure it from itn attack ** do 
vive force"; that fletadiod forts even crossing their fire do not pre(*lude such an 
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gaide. The lines of Torres Vedras wore a bettor defence for Liobon tlian auy 
UastioDcd or tcnaillc CQCointe, yet they were mere Beld-works. Lot us remember 
tliat at [tresoiii armies are moi-e numerous jukI more rapid in their movements 
Llion formerly, and that a fortress baa no iiitluencc but on ihc gi-ound co%'erod by 
its guns, and that it is only when it is a place sitiiateil theref and titers onb'i ^f^f^fs 
the enemy mitBt pa&s^ that {lermanont foitifications arc advisable Let us repeat 
with d'Ar9on,* that^ — 

" At tlie present day, professional si/stem has the cffoct of spoiling all onr ideas, 
and the poison proves the more dangerous, as it exists vriiliout the kiiowledgo of 
those who are attacked by it, who look upon themselves asotdy zealously attached 
to their own art, although tliey wish by such means to exclude at the same time 
every other. 

** Those who have been advocates of the superiority of the troops of the lino 
have wiidied for no otlior troops besides uifaiitry : seafaring people have mmn- 
tained that ships only arc necessary; artillcr\- has pretended to l>e ablu to protect 
overj-thiiig by means of batteries on the coast. Who can say but that the 
cavalry also, mounted on hijrpopotami, may not bo disposed for defensive 
iiiauu^uvrcs?" 

Engineers are as equally absurd In imagining that notliing but fortifications 
aro nee<led to insure the quiet possession of n eountiy. Amid this variety of 
opinions respecting the means to bo employed, nothing api>ears to have l^ecn 
forgotten except the indit^pensahle necessity of titeir being all united and made 
to concur jointly towards tJio same end. 

(434). It is umiecessory to uisist on tlie truism that tlic defence of an insular 
empire depends chiefly on a powerful navy; hut it may be said that this force, 
however great. Is not sufficient, because if it were even capable of resisting a 
coalition between maritime [wwors, a disastrous storm, or the loss of u single 
engagement, b an eventuality, which, under the present systoui of steam navi- 
gation, would permit an enemy to api>car almost suddenly on Its coasts. 

What has been Ral<l of the continental frontier applies still more forcibly 
to maritime ones : "it is Oicre and there only whore the enemy mttst como that 
permanent fortifications are advisable." The enemy advancing to the coast has 
bat one of these two ends iu view, eiUior to attempt a descent to cause the greatest 
|>ossibIe mischief, or to land and march rapidly on the capital to strike a 
decisive blow. 

The safety of a kingdom is by no means endangered by a piratical descout ; 
but Its rcsuuroes may be diminished by the destruction uf its dockyards, and tu 
108^*6 those meet important pointo o[>en would bo folly. Every country does 
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CHAPTER XXVII. 



HISTORY OF FORTIFICATION. 

(436). Permanont Fortification undoubtedly prccedoU Field Fortificatian« 
bnt its antiquity cannot be traced. The first fimiilictt that settlud tlieingolTes in a 
villa^ or rather in a collection of huts, protected them by palisades, formed of 
tnuika of trees phuitcd eloBC together. At a later period the uso of stone bocame 
known, and towns were built However, it was a long time before towns were 
encIosfHL Plunder was the chief object of war, and cities becoming places of 
comparative safety, people retired to thorn during; hostilities, with their riclics. 
Their population was scanty, and tlioir surface contained a tract of ground sutKcient 
to produce by cultivation the necoasai'v means of aubBiRtetice, The capitnls of 
States were the fii-st foriifiiyL Ilistory teaches us that Uohorens surrounded 
Memphis with piiraixita and ditches, with the double view of protecting iho town 
against the Nile and the L^neniy. In Assyria, Seiuiramis enclosed Babylon with 
walls; Saba, which Afoses attacked, luid also walK So long as the cscalaile \vas 
the only mode of attacking a town, a simple enclosure of walls was suiBcicnt ; but 
soon followed tJio machines which enabled men to approach theso walls under 
cover, to hatter and overturn them. It was olserved, that where the inequalities 
of the ground, or tJie form of the town, had yiven an irregular outline to these 
works, the enemy was sometimes opposed to view. The idea was taken and acted 
upon, and walb were constructed according to crooked iljies, in order tu obtain a 
flank defence; this was afterwards improved by the addition of towers. The 
science of defence in ancient Umeti does not suom to have wade rapid pi-ogi-eas : it 
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consisted entirely in giving immense thickness (30 feet) to the walls, piercing loop- 
holes and machinoaliA, giving great relief to the towers^ and dometlmof* forming a 
donble inclosure. This was the citadel or place of refiige for the garrison, when 
the eneraj had succecdetl in overthrowing the enceinte. The defence was based 
chiefly on the courage of the troops, the help of tlieir niacliines, and tho st:ength 
of the walls. Citadclawore constructed on citlminatlng points of the totvus. The 
use of a ditch in front of an enclosure catno later: it was originally destined to 
receive water. 

As long as the battering-ram was tKe only means of overthrowing the walls, the 
fortification remained tlie same; but when, in the middle of the fourteenth century, 
powder gave to the beaie^crs a roost prodigious power of percussion, the rams 
wore thixiwn aside, and lU'tillory breached at a distance even the thickest walls. 
To oppose this new mode of attack, immense remblua of earth were accumulated 
beyond tho wall to inci*ea8e the power of resistance, and to furnish means for oon- 
stnicting an earthem parapet for the defence of the breach. These rcmblais, or 
JRamparts, were so called fix)m the Italian, parare, to protect ; and the syllabic 
itoratiTe rm or rem. 

To obtain earth for tlie rampart, as well as to prevent the artillery from coming 
too neai-, the ditches were widened and deepened, and counterscarps of masonry 
erected. 

The towers were abandoned as too small to receive a parapet, and were replaced 
hy Tliiltearhs (from tho German boll, empty, irerk, work, probably because their 
centre had an empty space left by the ramparts), works of the same shape, but 
much larger. These were connected to tho wails by flanks, with the design of 
overlooking ur flanking the foot of tlie eacairp. 

FlU. 838. 



It was soon found tliat the circular form could not answer, and it was replaced 
by two walls or faces diicctcd towards or facing tlio comitry. This improvement 
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preceded by a low cascmatnl Hank ; the remaiuing two-tlilrds was oithor traced 
in straight line or iii orillon. The ditch, 30 to 40 yanJR wiile, liad a cotmt«rscarp 
parallel to tho facoa of ItasUons, or nearly so. It was not till 1540 that a covered 
way was added. A gallery of mines was froqucutly constnictod along tho whole 
raiupurt 

Diunng the 16tli century, the Italians improved upon this constrnction, and 
8pn;ad tln'ir principles over Europe, almost every sovereign having Italian engi- 
neers in his sennce. It was chiefly in Spain and the Low Countries, then closely 
connected with Italy, that these eugint-'era constructed new fortresses, and 
this is why tlie ItuUau method is ofYcn called the old Spanish method. 

(439). Italvjn aystern. This was eonBtnieted on tlio interior |K(lygon. Tho 
front, from 250 to 300 yards, was divided into six equal parts : the Hanks per- 
pendicular to it were eqnal to ^t and tho curtain to t of tho whole lengtJi. Tho 
faces of the bastions wore obtained by joining the oxtremities of tiie llanlui io A 
for tlie hexagou, to U for the he|>tagon, and to O for tlie octagon. The flanks 
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were jwrpondicular to the curtain hccansc fortresses were not unfrequeiitly attacked 
on that curtain before the invention of the ravelin ; and tJie faces of the bastions 
wore directed so as to receive flank defence from that curtain. The bastions were 
generally ftall and frequently contained cavaliers, tlic retronclimenls and conpures 
being only constructed during the siege: they had orillons, with retired and 
doublo flanks* The ditches were deep and wide, their counterscarp parallel to tho 
faces of bastions and masking part of the flank defence. The ravelin, at first 
semi-circular, and afterwards triangular, dates from tho mitldleof tlie Ifitli century- 
In tlic Italian system its faces measured from 60 to 75 yards, and were duxctod 
on the angle of the curtain, thereby receiving but little defence from the enceinte. 
Its ditch was from 18 to 20 yards wide. The covered way was adopted towards 
1554, and about 1^74 tho engineer Cataiieo proposed the re-entering places of arms. 
The [Milisades wero planted on tlic glacis itself, at about 4 feet beyond the crest ; 
and it was only a century later that the French engineer Naudin placed tliem on 



ITALIAN SCHOOL. 



493 



The more noted Italian engineers were : 

(440). San MieJieli, born at Verona, 1484. He was employed by Pope 
Clemoiit Vlir. to restore the fortresses of Parma and Piaccnza, and afterwards 
entered the service of Venice. He constructed the forti&catiuus of Napoli-di- 
Komauia, Candia, and Canea in Crete, Lido at Venice, Verona, &c He died in 
1559. 

Nicholas Tartaglia^ bom at Brescia, 1500, was professor of mathematics at 
Verona and VJcenza, and died in 1557. He wrote in 1546 (Venice), a work 
entitled " Questions ajid Inventions,*' in which ho proposiesa system of fortification 
snmcwliat ainiilar to the folktwing. The invention of the covered way ia attri- 
buted to him. 

Aighisi-di-Carpi in 1570 pnblUlied at Venice a work on '* Fortification." Tho 
-curtain forms a teiiaille ; Uie main ditch encloses a flat apace, and the bastions are 
small nnd have orillons and oasomated Banks, with a caralier inside the gorge. 

VlQ. U6. 



Paciotlo UfUrb'm oonstructoil the citadel of Turin, that (1567) of Antwerp, aud 
several other fortresses in Piedmont and Flanders. 

Jacomo Castriotto, Cujit., born at Urbino, was an enj^neor of Pope Jnlins TIF, 
Ho attached himself to the service of Honry II. of Franco, and served under 
Montraorcney, Guise, &c. In his system, the bastions are replaced by round 
towers, and the cneeinto is cm*ered by detache4l bastions. Vauban borrowed &om 

>'io. S37. 



GERMAN SCHOOL. 
Vw. 899. 



495 



y 



\ 



/ 



/ 



/ 



wall is dcstitrvctl towards ilie latter part uf the aicgc^ to enable tlie flankti to 
defend tho ditch. 



SECTION H.— Gekmas School. 

Although tiiG German sc'huul dates only from 161.5, yet Germany has not been 
witliout engineers. They chiefly belong to what is termed the "theoretical 
school," in opposition to tho " practical school," of which Vautan is tiie head. 
They proposed ayatema more or less imjtractieable, and the ai*t did not progress 
in their hands. 

(•141). Hurer (Albert), bom .it Nnremborg in 1471, was at tlie same time a 
painter, sculptor, engraver, and a civil and military engineer. He died in 1528, 
one year after the publication of u remarkable work, entitled *' Instructions for 
the Fortili cation of Cities, Castles, and Boronuiha." (NuiX'nibei'g.) He is tlie firat 
who has written on this Bubjoct since the ancients; and tliere is no doubt thut the 
Germans owe to him tho origin of the ideas on which llieir modern method is 
founded. 

His furlificalion consists of a wall, flanked by circular bastions or towers, and a 
ditch 20O feet wide. The towers are of different tracings. In one project tliittwork 
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ia 70 feet high, and commands the enceinte. Artillery is placed on tlic platlbrm, 
and a casemate for artillery and musketry allows of giving a gnizing fire in tlio 
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flanked by places of uina. Beyond the glacis tbere is an 
advanced ditch. The profiles show the demi-revetment, with. 
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iu faassc'braye serving as a cbemin dcs rondes. The walls of 
Speckle have couiitoi-forts 5 yards apart> connected at the top by 
arches, which hum- the jHtruput and rentier breaching difficult. 
It is the modern revetment " en d^cliarge." Speckle furthermore 
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proposes the constrnctjon of several tiors of arches to resist the 
fall of tho parapet. 

In his reinforced method the flanks are perpendicolar to tho 
lines of defeneCj and tho ravelin is made very saUonL Of the 
value of Speckle us a military engineer, we may judge by tlw 
following principles which ho advocated in 15H9 : tho grentor tlie 
number of sides of a polygon the stronger the furtification, because 
tho works will more readily support each other, therefore the 
straigblor the line of fortification is, tlie stronger it will prove; 
the Italian bastions are too small ; large bastions are absolutely 
necessary for a good duftmco. Cavaliers are needed for each 
bastion and curtain to impetio the progress uf the attack, flank 
the main ditch, and serve as a retrentrhment for the garrison ; 
a great part of the flanks should he perpendicular to the lines 
of defence; easemated galleries are nece«sary to give a low 
fire in the ditch, and keep off tho minor of tho attack ; great 
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the ravellus l>efore the bastJon by counierguards, and directs the coantei'scarp 
of tlie main ditch on the shoulder-angles. His rarclin is also an improvement. 
His low flanks are casemated on the Italian methml. ]n onotiher sjstom, Dillich 
adopts the tcnaJlle tmcing. 
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(444). Rimpler, as military engineer, took part in the defence of Candia, 
against the Turks (1669). In 1673, he proposed a new system, which ho called 
** Fortification with middle basUous," but gave no drawings. It was only in 1718 
that Sturm published a plan of that method. Complaining that his pr8deoe5SOi*s 
did not pay suJfioient attention to the ground on which tlie besieger must devcloj) his 
attack, tliat tlie garrison was not well covered, and could not obtain the BQ{>criority 
of fire, ho proposed to replae* the curtain by a bastion tlial would flank the collateral 
works, and bo defended by them, to cover the garrison under casemates, and to 
proiNiro an interior as w»>ll as an exterior defence. 
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In his ay8tein,tho bastion A is called "bastion of the middle," o*, ab ai-e the 
face^, ad, ad Uie second flunks, dc, dc tlic upper flanks, //, //the middJc, and 
A h the lower flanks. Tho bastions are preceded by fauase-brayea mm nit *^« 
salient of which forms & buuuet On the other side of tho main ditrh, is a double 
covered way witli advanced ditch : the salients arc octrupied by ravelins 1 1, and 
the re-entering angles by interior y y, and exterior pp demilunes. The bastions 
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jire retrenched by means of ditches (punctuatotl on tho plan) over which wooden 
bridges charged with earth arc thrown : the bastions being brenchod, the bridge h 
easily destroyed, and the etirtli above it sen-es to throw up a parajwt, Tho 
enceinte is separated from the town by a ditch, and the apjwr flanks have at their 
gorge a parapet and defeuRivc casemate fur Uie interior defence. 

Thi» system has a great imfHirtance not only on account of tlio excellent ideas 
it contains, but bwanse the prinoiples of Rimplcr have been adojited by Monta- 
lembert and the present German engineers. The besieger must carry two ravelins 
before reaching the countci*sca]'p; Uien ho unist attack Llie faustte-brayc, the 
bastion, itd rGtrenchinout, and fiirthci'morii drive the defenders from the casemates. 
The ditches and outworks are p()werfully flanked; the retrenehnients of tlie 
bastions ai*c excellent. On the uthcr hand, tlie revetments til' the escafjid are lor 
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enceinte has a faiisse-braye ; and in rear, the buildings aro dupoaed tor resistance 
The long ravelins are flanked by the en<«inte ; and their flanks are intended to 
jpve a reverse fire in the dead angle of the tenaUles. The same remark may be 
made as before uu the ricochet 

(447). Suttintfer. — A great partisan of Kiinpler, advocates the iutcrior defence 
and the suppression of the cnrtain. The figure represents one of the systems he 
oflfered in 1696, in all of which the ramparts aro double. 
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(448)^ Landxberg, honi in 1670, served as an engineer first in HolIandiOnd 
after 1733 in Saxony: he died a general-major in 1746, having b<*n pit-sent at 20 
sieges. lie published works entitled " New Method of Fortiiyiug Placea," and 
"Fortification of Evci^body." (La Haye, 1712.) 

Although he occasionally proposed improvements for the bastion system^ he 
nevertheless attribnted tl^o small resistance offered by fortresses in general to tlio 
short flanks which tliis system unaToidubly possesses, and insisted upon adopting 
a. maximum flank, therefore having nothing but flanks, and setting aside the 
bastion Ibnn, he adopted tJio tcuaillo. Although Griondel d' Ach and Werth- 
muUer, had before him given a similar trace, yet Landsberg was the first who 
pointed out it* properties. He gave several systems, of which the following 
aflbrds a fair idea of his principles. 

It consists of three unrevctted enceintes ; the first of tenaillos of fiO" a a, with 
small redans iu the re-ciitcriug angles, the second b b,oi a. fausse-braye with 
bonnets at satic-nt ; the tliird of an cnvelofK* c c, of 125 to 223 yards faces 
replacing the covered way. In the main ditch there are casoraat^d redoubts m m, 
for mnsketry and aitillery, as also r r, in tho ditch that separates the enceinte 
from tho town. The jxiwder magazines Landsbei^ proposes to place outside, pp. 
It is roadiJy seen that the ramparts are much exjiosed to enfilade, and yet Lands- 
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[n another metJjnd recninmended for & plaee excloavely tnilitarVi the first 
enceinte is bastioned, and the envelope is replaced by salient ravelins with douhle 
Banks: aouic flecbos tlirown up when the front of uttiick is knovi-n, will form an 
advanced line ; and a retrenchment on Kiinpler'a principles is prepared in the 
baslions. Landsberg ealculato8 that tlio outlay will be less than for Vauban's 
hexagon, and that a vigorous defence may be ex]X!ctod from a garrison of 20,01 K) 
men and 60 guns. 

(449). Voiffl. He published in 1713 a "New System of Fortification*' (Jena). 
He aflopis the tenalllo with cA»emated redoubts in the re-entering angles : a 
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•ifbDnd oncoiiilo is formed of dutached ouuiitergiiarils. lu capital uf the redoubts 
are ravelins and tenaillos, the latter of which surved Caraot as modeIs(414). The 
ditches are niadt; dco))cr Uihu in Landstjorg. 

(450). Sturtn (Leonanl Cristopho), bom at Altdorf in 1669. waa at first pro- 
fessor of matbematjcn at Wolfenbuttel, then at Frankfort on Oder. He gained 
celebrity as an architect, and was attacheil in that capacity to tbo Duke of 
Mecklemburp He <lied in 1719. He certainly is one of the most productive 
military authors of Germany. Auiong his works wc may jwint out his '* Com- 
parison between French, Dutch^ and German Military Architecrtnre" (Augs- 
burg, 1718). 

He also hiniwlf proposed several systems of the bastion and tenaillc outHna 
In the method liero represtmted he has iinitaled Cuhorn, and eombine<l both 
iTOcingH. 
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of Fortresses in Equilibrium with the Attack.'' (Stockholm). This is a remarkable 
work, and contains the following objections against Vaaban's systonis, that the 
breaches cannot be vigorously resialed, that tlje interior defence is not providL-d for, 
that tJie ravelin Is too obliquely Hanked, that tJio fire of the enceinte ia too high to 
sweep the ditch, tliat tlio counterguards are not properly flanked by the ravoluif 
that the covered way is not calculated for sorties, &c. ; and he proposes seroral 
systems more or less complicated, but ho docs not give profiles. This plan 
represents his forti£catJon on a square : ho is au advocate for surrounding cities 
with walls only, and for the oonstruetion of small fortresses or citadeU exclusively 
military. 

The enceinte is bastionetl with a triple flank : the low flank a, the middle 6, 
and the upper one c, with ten-oplein respectively 2, 14, and 2*4 foet above the 
ground, and parapets 6 feet high. They are at such, a di£tanee apart as not to 
interfere with the service of artillery, and they not only defend the ditch and over- 
look the enemy's batteries, but also can direct reverse Hre on the lotlgment of 

Fig. 875. 
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the bastion of attack, provided ita upt>er flanks havu been levelled in time. The 
butioos are protected against ricochet by a bonnet at the salient as well as by 
the flanka themselves. The ciu*tain forms a reentering angle, and serves with 
the tenaillo to give a well directe<l fire on the outworks. Barracks may be erected 
at the gorge. 

The interior defence is admirably organized by means of baidioned towers T, 
and a donjon A, both of a command eijual to that of the bonnets. The towers 
are casemalod and covered witJi a platform which can receive artillery: they are 
8q)arated from the donjon by a wet ditch. This donjon conaista of a double 
vault, divided into two ttwifs and snnnotinted by a platform from which the 
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bastion can be swept On llie outaide, l}»o casemates are moantcd with guns, 
destined to fire od tiie lodgment on tlie baation, and to tiefend llic pn&su^u uf the 
ditch J on the inside tb« first story is loojiholed for musketry, and tlie second 
receives mortars which can fire over the opposite sido of the donjon, an invention 
which Caruol appropriatoii to himself. As each face of the donjon can direct 
24 gains on the UTrcpItiin of the bastion, tlierc wUl be, including 32 guns from 
the towers, 56 which tlie enemy cannot see mitil he arrives at the salient of the 
bastion. If we add 10 guns from tlie uj)|H;r Hanks of the collatei-al salients, and 
20 more tor which room can easily be found on the teiTeplein of the curtains 
not attacked, there will be 8G guns to recoiyo the besieger ou the breach^ even 
without the mortars ! 

As for tlin outworks, they conalst of ravelins, connterguai-ds, tenwllons, and 
covered way; of the ravelin with a bonnet at salient and a loopholod gallery 
under it^ rampart, flanking powerfully the couuterguards with its retired flanks; 
the counterf^uards giviug a good fire on the capital of the bastions; tho tenaillons 
acting as cou\to face to tlie counterguards ; and of tlie oovered way with a 
double terreplein receiving additional strength from its lunottos. This covered 
way, although witliout traverse, is not much exposed to ricochet, and can ofier a 
Bcrioua resistance: tlie ravelin is too umall, luid the enemy can simultaneously 
crown ita covered way and that of the conutergnards. 



SECTION III.— DcTCH School. 



(458). The Dutch school took its rise in the middle of the sixteenth century, 
and sprang from ihc struggles of the war of independent^;. The want of time and 
money, and the aqueous nature of tho soil, led the engineers to adopt fortifications 
almost entirely made of earth and wood. In this school masonry is rarely 
employed; the command i.s Hrnall, the number of Dutworkn considerable, caj>ecial]y 
of homworks and nrownworks, and tbo defensive ehiu-jictci' of this fortilication is 
strongly marked. The formulae of the tracings are generfkUy complicated by 
geometrical constructions. Tho chief engineers wevci~~ 

(459). Freijtatf, who published " New and Enlarged Military Architecture." 
1630 (Leyden). In his method he fixes tlie maximum of tho angles of bastiuns 
at 90". The flanks are perpendicular to the curtain, and the whole enceinte is 
surrounded by a fausso-brayc on a level with the ground. The salients of bastions 
are covered by lunettes, and the curtains by raveUns. The cscar[)s have no 
rcvetiiieiiL The chief defence of this furtiGcation rests on the wet ditclies, 
which, however, would fail in frosty weather. The ravelins are too small to cover 
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Seheit^ (1672) publishei! "The Newest Military Practice" (Branswick): he 
borrows from Castriotto the detached bastions, gives to tJiem a fansse-bra3re, as 
well as to the enceinte, and snrroandit his place hy a double covered way. Among 
hia propoaalii, we may notice his counttirguards. whicli consist of two walla 18 feet 
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thick, 50 feet apart, with a roof of tiuiber auJ i-arlli ; the interior space is divided 
by a floor into two stories, afl'onliii^ room far two tiers of guns. 

Neubaner {1671) gave to the re-entering places ol' arms a reduit that was 
imitated by Conn on tain gne, and proposed six fold (lanks. 

Ueideman (1673) imitated S[iockl«R. 

Heer (1689), with hia twelve? systcins, came next, and after bim Ca?hom, who 
is called the hmd of the nio(lL>rn Dutch .school, as Froyln^ and Marulaiti werti called 
tho head of the old. 

(4C0). Cafu>rn (Miuno Baron) waaborn at Leouwarden in 1641. lie served 
with distinction in tlie wars of 1G72-76, and roso to the rank of Lieutennnt- 
Gencral. He defended Namur against Vauban in 1672, and conducted sevrrol 
sieges during tho wai-s of tho league of Anpshurg, and of iho Spanish succession. 
He was aUo an excellent gcucr«l officer, and forced the French Hues between the 
Scholilt and the sea in 1703. Ho died in 1704, His priticip»l work is " New Forti- 
fication." (Leeuwardon, 1702). His method of attack was the very opposite of 
tliiit of liis conteniporary and rival Vanban ; whilst tho French engineer advanced 
surely and slowly, sparing Hfo and intrenching every step, Coehorn sacrificed every- 
thing to time, and trusted to an overwhelming firo of artilleiy and audacious 
assaults. It is thus that at Bonn, in 1703, besides a large park of heavy 
ordnance, he employed -SnOsm.ill mnrtars to throw grcnndcs. 

Wo may hero say a few words on the method he cuiployei:! in fortifying a 
height that cummands Groninguen. It is entirely different from his threesystoins 
(fig. 880), and consists of indopend<';nt works so combinoH, that tlte Inss of one of 
them does not entail the fall of the rest. On the outside the works present them- 
selves as tciiaillos, whose wet ditches arc flanked by double traverses, which aru 
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themaelvM insulated by the ditch. On the inside, the gorge of each tonaille is closer! 
by R bastioned front with a weak parapet, so as to be easily destroyed froDi the 
place, ttliould llio enemy become master of a tenaillo. The escarps and coonter- 
HCurpH ai*o revett4xl, and a oovensd way surrounds iJie whole. 



SECTION IV.— Frencit Schooi- 

(4(J1). The firet ongincoi' who began to modify the fort ideations in France was 
a S|taiiiard, Peter de Navarre. H© had served in the Spanish army against tlie 
Mooru ond against tbe French, had been made prisoner by the latter at the battle 
of Ktivciitia, 1512, and afterwards entered tbeir service. lie was the first tu intro- 
duco mines and oountermines. He breached the castles of Naovo and Del Ovo 
mt Naples, in 1503, by mining. Contempoi-ary with Peter were the two distin- 
gutsbed engineers Micadel and La Fontaine, but none of them left any work. 
Tbe Itidian systx'm wa^ ailopteil, and Catherine of Medicis invited several Italian 
engineers into the French service ; among them, Adam de Crapone, Campi, 
AUarmatOfBepfutno, Cmtriotto d'L-rbin, Aa, by whom Landricies, PhilipiHJville, 
Thionville, Metz, Ac., were fortlfieil. 

iieroil de la IWiUe is the first French author on Fortification, but he followetl 
the Itulinn principles: bis work, " Mauifcrc de foHifier le* Villes et Chatoaux,'* was 
publiitbed in 1557 at Lyons, 

(462). Krranl de Bar-ie-Duc is considered ag the head of the French school. 
lie puhlisheil in lr>»4 " Fortification dtmontro tt r^duilc en Art;" ho oonstrude*! 
Ihe citflilels of Amien« and Verdun, and also fortified Montauban, Sedaji,&c ; 
he Iwlunged to the con>8 of military engineers formed by Sully in 1602. Ho h 
the fii-st who fixed, at 60". the minimum „r the salio'nt angles, who adopted 
mt ynnU .m* the maximunt of the line ofdefo„ce, and who fortifi.Ki on the extorior 
fM.(.vr>'»- I »i* «"•«"' lit'W'^'ver. i» inferior lo ^i^ 1(^1;^,^ n^ ^^^ ^^ ^ ^.^^j 



FRENCH SCUOOL. 
fio. 681. 



915 



^ 



laiide Chatillon, who, for the first time, employed the soldiers instead of hired 
labourers, to work m the trenches, 

(463). Antoine DemlU (Lo Chevalier), horn at Toulowacj, 1.596,died agencral 
Ifi57, [iiibttithed in 1628 (Lyon) "Les Fortifications du Chevalier Antoine 
Devillo ;" and in 1G39, "Do la Clmrgo des Gouvempurp des Places," a work 
highly commended by CarnoL Ho is the Urst who wrote on mines. Uefordficd 
Calais, Montreuil, &e. 
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His system is a mere modi6cation of the Italian front. 

(464). Pagan (Comte de, Blaise Fran9oiB), born at Avignon, 1604, entered 
the army when twelve years old, served with distincLton, and became general in 
1642. AltboQj^h having lost his sight, he devoted himself to the study of 
Fortification and Slathematics tilt his death in 1665. Besides several works on 
Astronomy, he pub]isbe<l (1645) " Les Fortifications de M. lo Comte do 
Pagan," Paris. 

Pagan greatly improvml the m*t, and paved the way for V»iil>ao. 

Ho adopts thrw kinds of Fortification, the great, tlie mean, and the small ; in 
tlie first Uie front =: 390 yards; in (he second, 3,50 y«nls; and in the lliini, 
312 yards. He was the first to employ the perpendicular, which bo equals lo 
58 yai-ds, to draw the line of defuiico. The facoe of the hastjon =: ^\ of the 
fnint The flanks are i^riM-ndicular to the linos of defence The ditch is 30 yards 
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wide at salient, and it« counterscarji is directed on the shoulder angle of the 
bastion. Inside each bastion ho conHtrucU an interior retrenchment, its magistral 



FlO. B83. 



/ 



being parallel, and 32 yards from the encointo. The flank is triple ; the first is 
retired and on a level with the ground, tlie third is on a level with the inner 
bastion, the swxind h.'is an intermediary :'(>nimaiid. The ravoh'n has a 90 yanla' 
face, and occasionally receives a'reduit A eounterguard sometimes covers the 
bastions. 

In another method, calleil " rc-infoiTcd," the enceinte is preceded by a 
continuous envelope. 
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Despite the many advantagefi which tJie Fortification of Pagan posseases over 
that of hiii predecpssorn, it contains several defects, among which wo may meiitiod 
th« possibility of breaching the curtain from the re-entering place of arms, 
thereby turning the interior bastion. 

The triple tlanks are also defective, the defenders Ijeing tiio ranch exposal to 
the sph'nters of the upper scarps. 

(465), Fowtan (Sohastien le Pr6ire de), born at Snint Lcger, I6.S3, entereil 
tlio sen-ice in 1650, Ijecauie general in 1688. and died Murechid di- France, 1707. 
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He iH tlie best engineer that France boasts of. He never wrote on hia method. 
He fortified thirty-three places, and improved upwards of 300, and his successors, 
in coinpanug his works, have, for the sake of simplicity, classified them info tliree 
systems. He conducted fifty-throe sieges, and never defended a single fortress ; 
and so greatly did he improve the means of attackj that Uio defence has 
ever since boon unequal to it. In 1673, at the siege of Macstrieht he invented 
the parallels; in 1683, at tlio singe of Luxemburg tho trench cavaliers; 
in 1697, at the siege of Ath, the ricochet fire. Ue left twelve volumes 
manuscript (a few only have been published) " Mos oisivetes.** The volumes 8 and 9 
treat uf the Attack and Defence of fortresses. Among the fortresses which he 
constructeil we may name Dunkirk, the cita<Iels of Lille, Atli, and Charleroi ; 
Maubeuge, Sanrlouis, Phalsburg, Longwy, the citadel of Strasburg, Toul, &c., &a 

(46U). AUain-ManeMon Mallet (1630-1706), was born at Paris. Ho served 
as military engineer in tho Portuguese army under Marochal Schomhcrg, In 
1671 he published " Travaux de Mars" or " new fortification," the first valuable 
work written on the subject In 1667, he fortified the easUes of Aronche and 
Fereiro. 

(467). Biondtl, Francois (1617-1686), was Ivorn at RihemonL After having 
travellod in Germany, Ilitly, &c., and ])erfonned diplomatic missions in Eg}''pt and 
Turkey, ho became famous as an architect. In 1683, he published (Paris), 
*' Nouvelle raani^ de fortifier les Places," and Lewis XIV. rewanled him with 
the honorary title of Mareelial de Camp. 
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In his system, the bastions are large and acute : thoir flanks ai-e long and triple 
Tho bastions are covered by countcrguanU, whose ditches, like t)i(i*e of the 
ravelins, are defended by low batteries. Small ravelins are substituted for the 
rednit of the ro-ontering place of arms. It is weak in outline, and yet costly in 
masonry. 

(468), Jfernnrd— In 1689, he published (Amsterdam), " La nouvelle niauiire 
de fortifier lea PUoes." Ue proposes a double unceiule covered by oountorguai-ds 



to bn br(iaclie() from the covered way of the ravelin, the hasdons and rnvL-Hns are 
retrenched : the flauks arc fonuod uf good casemates, which secure the defence of 




Uie main ditch. The tenailluns and eountergiinrrls, however, do not sufticiently 
cover the bastion and ravelin ; the first covered way has retrenched placets of arms: 
the second is defended by lunettes, which communicate with the place by means 
of galleries. 

(471). Cormontainffne is supposed to have been born in 1692. In 1716, he 
entered the corps of engineer:), and soon ocquurcd an European celebrity by 
numerous pidillcationa on Fortification, In which he corrected the methods of 
Vauban. hi 1728, lie constructed at Mctz the crown-work of Kurt Moseilo, and 
in 1733 lliat of BoUecroix, in which are found moat of Uie improvements he pro- 
posed. In 1734, he distinguished himself at the sieges uf TraerlMich and 
PhilipsbuTg; in 1738, he iwiistructcd the crown of Yuta at Thionville ; In 1T44, 
was at tlie sieges of Toumai, Fribourg, Meuiii, Ypree, &c. He died in 1752 a 
general. Ho left several memoirs, which were published long after his dcatli, 
under the title " Memorial pour la fortification, rattaquc et la defence des Places," 
(Paris, 1809.) A more com]>lcte edition was published in 1835. 

(472). Delidor, Bernard Forest th*, (1697-1761,) was bom in Catalonia of 
French parents, llo served in tlie cor|« uf engineers during several campaigns, 
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»iz. ; ft ray'tliri '\*^.iiAt-*\ Ky % ."rriu;; irhi'/a covers :i.e rtdred ^-mks m*! k jwe- 
tt¥U^\ \,y M '■■*'*:{.•** tf\ . *■ ': •'■, ''U-a'.'.'.'iT.'. ■»:::: r-e".!rr*: and jcw c^iemared fiaiiks,£c. 
'H»" f'-'l-j^t* '»*■ r':-<TiVTi?.i' jda'r'r* 'A a.-T.'.T. £r^.- ::T:i»i -t l-;*ff-htlc»i iralls. The 
j;b/')4 i< fijrWi*rf Ai-.i'-jA'-A \,-; liir.'.-tt'; , 'i :.e ; rotusioD of masonry renders this 
t^*t/r.(i ir/i(<r;i''ti'-al,J<:; 'a\A tii-; ;.'.-':;it i.Fi:i.rA: f outworks would necessitate a rer}* 
Hti'ffipr p|;irri'>^(i. It.'t Mi'TiL^ an: tli'^^ of o liging the besi^«' to employ m 
MirrMT'riiii urtill'Ty t>i rK:'x:h':t a front, and to pais snccessirely throogh four 
|,rii<>«U of \tri-.tf\\\\\^ t/iiU»-ri*:'(. 

'4V.''i;. f{-iinhf:nj.'~\u 1714, lio ]jiib]i.-^tif;«l " L' in;?;nieur modeme" (La Haye). 
( jiijctpjiy Viittlitid wiilioiil. iiiod'-mtion, and even without reserre, he borrows 
Uum H'Mi-lli, S|ri-<>|;|i:, Kiiiijj|i:r| Cofhoni and Landsberg. Ills enceinte consists 
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of a belt of isolated forts and cavaliers, tiie rampart of which is cascmatod. A 
casomatcd wall) situated in Ibo ditch at the salient of the bastion adjoining the 
cavalier, serves to flank that work. The exterior front* of tlie forta are covered 
hy a couvre-facc fonmrd of a double covered way ; the inner one serving as reduit 
is secured against enBbule by a casomatetl bonnet. The ditch, which is partially 
vrot, receives its defence from the cavalier and iho flanks of the bastions. The 
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ravelin and its reduit are casemated ; bnt the casemates of the gorpo of the reduit 
ai-e opened to tlie rear to be cxjwsed to the view of the place, whilst the ditch 
hefore the faces is defended by a rererao gallery constructed at the salient of the 
raVelin. On the capitals of the forts are casemated fluches witli a covered way 
capable of maintaining a protracted defence. The loss of one fort does not entail 
the fall of tliti others ; aiid their small garrisons of 500 men and 100 cavalry well 
covered, would offer a good resistance; but the armament necessitated a very 
numerous artillery. 

(474). llobiilord. His system is called " system of demolition.** The enceinte 
resembles tliat of Vauban : the outworks consist of ravelios, couutorguarda, and 
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flechefl. Tlie terropleim of all thoae works are intersected by ditches, which we 
oovcored cither by masonry or by wooden frames and ciirth, so that when the 
besieger lias breached a work, the defenders obtain at once a retrenchment by 
removing iliat masonry or wood by the mbic. 

(475). Sase (Maurice, Comto de), born at Dresden in 1696, was the natural 
son of Augustus II., Kinp of Poland. Entering the service when twelve yeara 
old, he i^crved at Hrst against France, and was present at the battle of Malplaquet, 
then he fought under Prince Eugene against the Turks, and in 1720 entered iho 
French army, as a general. We 6nd him Maivchal in 1743. In the war of 
1744-47, ho gained the victories of Fontenoy, Raucoux, (ui<l Lawfeld. He died 
in 1750. Finding fanlt witli the great outlay on a place constructed on Vauban's 
principles, he ja'oposci* a fortress for 10,000 men, in which wood is substituted for 
masioury. The body of the place couslsta of an earthen cavalier; inside which, 
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wooden barracks are constructed; H is surrounded by an enceinte of small 
bastions; a thinl enceinte ia formed by large ravelins, tJie rampart of which is 
pierced with long embrasures for the defenoeuf the main ditch. A fourth enceinte 
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of narrow countcrguards in constructed with wood and (wtit, and it has aieo 
embrasuree through whii^i guns monnted on rafU can be firo<l. 
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As the salients of the conntcrguards are organize*) into cascmatesy ojien at tlie 
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roar, the defenders can easily destroy them by artillery, and thereby prevent the 
enemy from forming a lodgmout. A lunette, with retired flanks, defends the 
ditch, and a covered way surrounds the whole. At about 3000 jMces from the 
centre of the fortress, a continuous line of redans and cnrtains forms an advanced 
enceinte, the redans, 36 in number, contain solid towers of masonry 25 feet high, 
several of which tlie besieger raiiat take before ho can open the trench. Mareohal 
of Saxe believes that the construction of such a fortress would only re<iuire two 
months, but the immense quantity of wood which it requiree is not easily procured. 
Besides, wood buried under earth decays rapidly, and consequently his place 
could not last long. 

(476). FiUy was a General in the French Enf^neera. He calls his system 
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" FortiBcations dc Mczalcctre," becaiise the curtain is replaced by a basti(Hi or 
mezalectre, whose flanks defend the collateral works. There are cavaliers on the 
curtaius, retrenchmeutd in the bastions, tenailles between llio bastions and mcza- 
lecti*e, ravelins, couutcrguards, and covered way. Tho great defect of this 
flystem is, that the enemy can attack the mczalcctre instead of the luiatlons. 

(477). Larhii-he, also an officer of the Engineers, gives a front similar to timt 
of Cormontaingne, except that tho perjxjndicular^ 4^ of the front, and that tho 
salient places of arms have fleches for reduit«. In order to remedy the eOccts of 
ricochet and vertical fires, the artillery is placed under casemates of a new model. 
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science. The bow anH aiTow, the sword, sltield, and laace, are combined in this 
oQtline. 

(480). Afontalembert (Maro, Rene, Marqais do), bom in 1714 at Angonl^rae, 
died a general at Paris iu 1799. He entered the cavalry iu 1731, served witJi 
distinction in the seven years' war, and was pnjsent at nine sicgea. Governor of 
the iflle of Oleron, 1761, he constructed an intrenched camp round the citadel. 
He spent the rest of his life in the preparation of his celebrat^^l work " Fortifica- 
tion Perpendiculairo " (1766-1796), in eleven volumes. His ideas wore not 
accepted by the French engineers, but they found favour in Geriuiiny ; and in 
fact be is the bead of the modern German school. 

(481). Cugnot (Nicolas Joseph), bom at Void, in 1725, died in 1804. He 
served early in Germany as an engineer, entei'cd the sen-ice of Prince C'harlea in 
the Low Countries, and came to Paris iu 1763 to give lessons in military arts. 
Ho invented a new musket, a steam waggon, &c. Among other works ho published 
in 1778, *' Tb^orie de la Fortification " (Paris), He adopts a ciixjular tracing 
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and dispenses with outworks. Tlie revetment of the escarp contaiiis a loop- 
holed gallery with macbicouh'ii for the defence of the ditch and coimter8car[>. 

(482), Trineano (Didier Gregoire), bom at Vaux, 1719, died in 1792. He 
was professor of mathematics, but served as engineer at the sieges of Frihurg in 
1744, and of Berg-op-Zoom in 1747. He was employed by the Dcy of Tunis to 
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fortify Kairovan. In 1756 hopiibluhed *' Discours sur lea FortiBcationH,** and in 
177B " Elements dc Fortifications*^ (Be^an^on). Kts son, who diod in 1785, was 
also a jTOod engineer. 

Uis bastions arc large and retrenched at the gorge : the Banks are triple ; the 
outer is casematod and sepHratetl from the bastion, the inner forms a cavalier, and 
is preceded in the capital by a reduit with covered way. The enceinte is well 
oovere<l by connterguards and ravelins, the latter having a cirtfular battC'ry at 
their salient to fire on the appi-oaches. The salient places of arms have the fornj 
of bastions. The traverses of the covered way consist of sap-rollers sDpjtorted hy 
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trucks; and before abandoning this outwork the defenders can overtlirow them 
into the ditch so as to leave no cover. The palisades are futed to a ground siU, 
and thus can bo lowore<l or raised at pleasure: when their points rest on the 
crest of the glacis tlie defenders can use them as ladders to make a sortie, 

(483). Heveronit an officer in the engineers, proiKwcd in 1794 a peculiar 
system. The enceinte eonsista of a bastion front cosemated on a peculiar prin- 
ciple : the guns are placed on a " busculc," and are only exposed when actually 
firing. Their recoil lowers tliem and closes llio embrasure with an iron trap. 
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political principles, he retired into privatolifoj having strongly oppoficd iho creation 
of the Empire. lu 1814 he accepted service, imd was eiitriuted with the defence 
of Antwprp. At his return from Elba Nai)oleon made him Minister; banit^hcd at 
the Restoration, ho retired to Cemay, then to Warsaw, and lastly to Madgoburg, 
wliere he died in 1823. lie Uft several wurks: thu most celebrated is "De la 
Defense des Places Fortes," 1810, wbicli he wrote at the rei^uest of Napoleon. 

(487). Noizet, a general in the corp* of Engineers, is now H\nng. While 
Professor of Fortification at the school of Metz (French Woolwich) he corrected 
tbu system of Cormontalagne, and ofTcitsd a tracing which has been adoptwl in 
France u '* the modern system." In I860, he published an excellent work, 
" Principes de Fortification." (Paris). 

(488). />u/bHr, a general in the service of Switzerland, is now living. Ho served 
at first as an officer in the French corj)S of Engineers, In 1847, ho commanded 
the federal forces. Ho has written several works, among diem " De la Fortifica^ 
tion pormaneute," (Geneva, 1822), in whicli he proposes a new aystom, which is 
preferred by many to that of Noizet. 

(489). Chotifnara, a colonel in the corps of Engineers, is now living. He 
establishod his reputation in 1827 by the publication of his " Memoires sur la 
Fortitication," whilst yot a captain. Meeting with jealousy at the hands of his 
superiors, ho folt so disoouragsd that twice ho retire<l from the service. Hn has 
rendered great services to his country: and of his inventions, the barrack 
kitchens (foumcaux ^Mnomiques) merit special notice, for tlie»e kitchens save 
upwanls of fiflty per cent, of the fuel hitherto consumed by the army. 

(•i&O). IJoj-n (Francois Nicolas B^noit, Baron) born at Lundvilie in 1774, died 
at Paris in 1838. Served under Chassctoup in Ital\, and afterwards at tlie sieges 
of Saragossa, Lends, and at the battle uf Wagrain. He conducted tho sieges of 
Mequlnonza and Tarragona, mado the campaign of 1812, as aide-de-eainp to 
Napoleon, became lieutenant-general in 1813, and fought at Waterloo. Under 
the Restoration, he was appuinted President of the Coinuilltec of Fortification, and 
fortified Belfort, Setlaii, Grenoble, and PEcIusa Under Louis Philippe, he 
conducted tho siege of Antwerp. As we have said, Ilaxo did not publish any 
tiling, and there is no fortress built exclusively on Ins system. His casematoa are 
to be found, however, at Grenoble, and at Lyons in the forts Loyasse and 
Saintu Foy. 
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Compwiion to tha KiHo Mu[>hct. By S. B. Brown. St. M. 
Mufkctrr Catcohism. By Capt Col«. St. 
Taryot Ra)ci»tcr fur .Scictionn. Is. 
Rifloman's Target Kegi*ter. I*. 
Uinlntnre TargeU for In-door Ainiinx Drill. M. 
Musketry In»truction for the Curalry. From lli>- 

Fretich. By ScciRinetx. If. Bd. 
Kxamiaation Popera for the Staff CollegA. l«.and It.iit. 
Ditto fnr U'oolwii^h. It. 6rf. 
I'ircct Commisnonii. la. 
Guide txitboExnininatioiiKrur ProniatiouaofBfrKinieatal 

Oaicera iti the Infanirj-. Price 5». eiwh Part 
Part I. — liajik of LiMJlecant. 
Part S. — Raiik of Captain, 
Field Exeroise. Largo Hditiou, 1862. 4a. 
Ditto. Small ditto. U. 

Influitry Sword Exercise. 64. 
Distruction of Mn&ketry. la. 
Military Gymnastic*. By Authority. la. M. 
Military Gvir,na*tiiia of ibe French.' By A. Steumwlz. 

U. till. 
BOX OF KXI.it ABT BI.OCKS, for workiog out 

the \uw Firld ExerciM, with Key. By Capt. 

Liiiiiortit^k Klowrr. 1(1*. fid 
COUP ANION to tho NSW TTBU) BXEBCI8B 

(.\liiiiiiiiir<- Bl.x-k^). By Chi-I. L- Flower. -.>,«. W. 
Cooipnny and lloltaliua Drill lllustrsted by CnpL 

Malton. 13a. 
Skeleton Diaicrviiis for Exiuuiuatiou in Coaipiiny and 

Battalion Drill. By Capt. Mnltun. 4a. td. 
Sinootl's Slillitary Cawohiam. By Capt. Malton. 8«. 
TUo Duties vf Coveriufc Sei^geaats. By Capt. Moltoo- 

U. 6d. 
The A B C of Skirmlshini!. By Catit. Mallon. la 
C""i|>iuiy MiiixMivrcs, by Capt. Maltuu. la. 
Thi Squad Book for lofautiy. St. 
Duly of Oatlyin;; Pioqueta. By Sent*<ttil-Mi\3tH- 

GrcavCT, 1 1. 
Hond-IIook Dictioiiaiy for the Militia and Volanleer 

Service*. Sa. 6d. 
Volnrlwr Meffn''>ti'ni«. la.; hvport. I*. I'A 
VOLTJNTEER'8 BOOK OP FACTS. St. 
KiiM'f Knit Kiitilf, 1111(1 itt I,e4*ou» Ut Vi^lnnt^erf. la. 
THE DEFENCE OP ENOXJiND BY THE 

VOLTTNTEERS. with I'artlculnr l{«fercnce to th" 

DdVuoa of LivnqMK)], with tcveral Views and 

Plaiu b>- F. V. M. 7a. 6d. 



REGIMENTAL STANDING 0RDEB3 PRINTED AND PUDLISHF.D. 

Beeiments supplied with OfflciiLl and all other Statlonarr, Howapapera, K&gudnM, &c. 

JieyimcnUU Lihrariet /urnithrti irith Swond-hemd Cty'M a/ Xfic Wi/rii at lialueed Pne«t. 



W. MITCHELL, 

Mmtt, ^printer, €n^Rkx mH '^Mmkt, 

39, CHARING CROSS, 

Near the Horse Onards and Adialralty. 



DIES FOE STAMPING PAPEK & ENVELOPES, PLAIN OE IN COLOUR. 



PACKING PAPER, FOOLSCAP AND BLOTTING PAPER. 



LITHOGRAPHY IN ALL ITS BRANCHES. 



ACCOUNT BOOKS MAD"E,TO ORDEfi OF THE BEST PAPER AND MATERIALS. 



Pocket Ledgers, Posh Books, Ac. kepi in Stode. 



METALLIC AND OTHER MEMORANDA BOOKS, 



SScrap-l^oohs, anb ^orf£oUos to Sijc Rtib tfrller. 



BOOKBINDING OF EVERY DESCRIPTION. 



Mttrdan's Oold and Silver Pencils, Gold Peru, and Drawing Pencil*. 



QUILL AND STEEL PENS. 



m 








CECIL H.GREEN LIBRARY 

STANFORD UNIVERSITY LIBRARIES 

STANFORD, CALIFORNIA 94305-6063 

[650) 723-1493 

grncirc@jlanfordl.edu 
All books ore subjec! to recall. 

^ DATE DUE 
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i^ 





